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ABSTRACT

A unique data processing of lunar infrared measurements at high
spatial and radiometric resolution to obtain brightness temperature
is presented. This system takes into account all the instrumental
parameters and observing conditions, including amount of ozone,
carbon dioxide, and precipitable water along the path. Possible
drifts in the instrument or changes in the sky emittance are also
handled by the system. Moreover, for each line of scan the accuracy
in the location of the resolution element on the lunar disk is also
given, taking into account systematic errors such as the differential

atmospheric refraction between visible and infrared rays.

The programming used in the data processing package produces a
compact simplified data file oriented towards ease of retrieval of
various forms (i.e., plotting of different subsets of the data). The
techniques used to obtain this data file depend on a high degree of
separation of different phases of the data-reduction. This separation
is reflected in the organization of the program as a very simple
supervisory program with many subroutines, each performing highly
specific calculations.
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I. INTRODUCTION

This report will discuss in detail the data processing
of lunar infrared measurements to obtain brightness temperature
by means of an electronic computer. This program is tailored to
reduce the data gathered with the radiation pyrometer developed
at Harvard College Observatory (1). The radiometric data are

obtained in analog form, and the astrometric data photographically.

The observational technique for this data- reduction
scheme is divided into two aspects: astrometric and radiometric.

Since it is of paramount interest to correlate the radiometric

th

measurements with the visual features of the lun

gave equal weight to both aspects of the measurements.

The observational technique and data-reduction pro-
cedures assume that absolute, as well as relative, measurements
will be carried out. This implies that serious consideration
has been given to the problem of the atmospheric transmittance
and changes in atmospheric emission during a scan (drift assumed

linear).

The data are processed by means of the IBM 7094
computer and special care has been taken to minimize handling.
Since the block diagram of the data flow given in Figure 1 is
self-explanatory, we feel that it does not require further

description.
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II. BASIC EQUATIONS RELEVANT TO THE REDUCTION OF RADIOMETRIC
AND ASTROMETRIC MEASUREMENTS

The equations and observational technique related to the
radiometric measurements have been described in previous reports
(1,2). This report will include the equations that have direct
bearing on the data-reduction scheme.

Figure 2 shows the block diagram of the electronic cir-
cuitry of the radiation pyrometer relevant to the signal
processing. The diagram also gives the voltages at each node

produced by the radiant power I on the detector.

In the present form of our pyrometer the output is
recorded in analog form by means of a pen recorder. The measure-
ment d of the total deflection of the recording pen on the paper
chart recorder is proportional to the radiant power I. The
factor of proportionality K(t), called constant of the pyrometer,

is expressed by

K(t) = 577 (1)

where the time dependence allows for the possible changes with

time in the constant of the pyrometer.

The measurement d is related to the instrumental parameters

and readings by:

de(t) = dK(t) + [¥nct0.25K(t)NtgK(t)] (2)
where
dm = observed deflection of the recording pen on the paper
chart recorder, mm
K(t) = constant of the pyrometer, W o
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n = bucking signal given in counter reading
¢ = constant of the bucking signal counter
N = zero suppression given in counter reading

q = pen center deflection, mm

The values of n, N, and q are supplied in the observation sheet

and the value of ¢ is measured following the same procedure as
for K(t).

The radiant power I of the calibration signal is related
by Eq. (1) and by the following expression:

'nAd
K(tc)dC = > S[Tc(tc)}-S[TR(tc)] (3)
4F
c
where
dc = total deflection of the recording pen due to the
calibration signal, mm
Ad = area of the detector, cm2
FC = f-number in the calibration mode of operation
SITC(tC)] = ecj(; N[A,Tc(tc)]rd(A)Tf(k)dA (4)
S[Tg(t )] = eRfo NDLTR (e ) 11,00 1. () da (5)
where
N[x,TC(tc)] = spectral radiance of the calibration blackbody,

W cm.zs.r-lu-1

(x)

spectral radiant transmittance of the window
of the detector



Tf(x) = gpectral radiant transmittance of the filter
N[X,TR(tc)] = spectral radiance of the reference blackbody,
-2 -1 -1
W cm “sr Tu
TR(tc) = temperature of the reference blackbody at
calibration time tc, °K
Tc(tc) = temperature of the calibration blackbody at
calibration time to °K
€ = radiant emissivity of the calibration blackbody
€ER = radiant emissivity of the reference blackbody

In Eq. (3) the value of nAd/4Fi is called the instru-

mental constant Rc'

For our pyrometer the following values have been adopted:

_ 2
Ad = (0.035 cm)
F = 5.25
c
e = 0.96t1%
C
ER = 0.98%1%

When measurements are carried out with the pyrometer-
telescope combination, Eq. (1) is still valid. The relationship
between the infrared measurement, d(t), and the lunar spectral
radiance for an area at a temperature T and an assumed blackbody

radiator is given by:

2

_ 7aPo —

K(t)d(t) = —5— 1, [T(g,n) ,m,uy) S[T(g,m] (N
4Feff

where
Py = radiant reflectance of the mirror (aluminized) of the
telescope

F.gg = effective f-number of the optical system during
measurements




?A[T(E,n),m,wol = mean atmospheric radiant transmittance

T(Erﬂ)

[

brightness temperature, °K
m = air mass along the line of sight

wg = amount of precipitable water along the
path, mm

n

S(T) blackbody radiance corrected for instru-

mental transmittance, W cm 2sr 1

The radiance S(T) is expressed by the following
relationship

r o

S(T) =j N(A,T) 7, (X)dr (8)
0

where N(A,T) is the spectral blackbody radiance, and the spectral
instrumental transmittance To(x) is given by

() = T () (9)

In Eq. (7) the value of ﬁAdpg/4F§ff is called instru~
mental constant RM.

For the 6l1-inch telescope at Agassiz Station the
following values have been adopted

Pp = 0.98* (at 10y)

Feff = 5.58

The values of the amount of precipitable water w are
obtained from the data gathered by balloon sounding. For
Agassiz Station we used the data from the U.S. Weather Bureau
soundings at Albany (New York), Portland (Maine), and Nantucket

*G. Hass, "Mirror Coatings," Chapter 8, Applied Optics and
Optical Engineering, edited by R. Kingslake (New York,
Academic Press, 1965), Vol. III, p. 316.




(Massachusetts).* During observation the zenith distance 2z of
the moon never exceeds 45°; this condition allows the use of the

following relationship for the air mass n:
m - mysec z (10)
where m, is the unit air mass.
The equations for recuding the astrometric data from

the photographic channel of our pyrometer are given in detail
in a previous report (2).

*The values of w, are obtained by plotting atmospheric pressure

versus dewpoint on a pseudo-adiabatic chart. Step integration
and multiplication by the proper factors give the value of wy
in millimeters.
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III. COMPUTING PROCEDURE

A. Introduction

The integrated data-reduction package is designed to
accommodate all calibration data, instrumental parameters, and astro-
nomic data relevant to a given set of scans in one computer run, and
to output a large accumulating file of lunar brightness temperatures.

The input data, the observational technique, and the data-
reduction approach have all been described in previous reports (1)
(2). One major data-reduction algorithm has been added to those de-
scribed in a previous report (2). The additional procedure is that
required to convert infrared signal intensity to average brightness
temperature of the resolution element. This procedure is embodied in
LUNAR as a subroutine, as are all the specific calculations detailz=d
in a previous report (2). The temperature-conversion routine TEMPR2
will be discussed in detail, but the other subroutines will only be
outlined. Primary emphasis here is on the data~processing aspects of
the integrated package, LUNAR.

B. DESCRIPTION OF LUNAR

LUNAR is written in FORTRAN II and FAP for operation under
SAOFMS (Smithsonian Astrophysical Observatory Fortran Monitor System),

whose relevant characteristics will be described.

1) Input Data Structure

Input data groups have been hierarchically ordered so that
the most invariant tables and instrumental parameters can be pre-
computed and selected from a small set for insertion into the input
deck as program parameter cards. These lowest-level data groups
include ephemeris tables, coefficients of atmospheric transmittance,
and the spectral blackbody radiance tables corrected for instru-
mental transmittance* given by:

*Hereafter referred to as CORRADIANCE.
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=]

S(T) =.[ N(X,T)TO(A)dX (11)
0

where N(1,T) is the spectral blackbody radiance and TO(A) the
spectral instrumental transmittance. For example, the CORRADIANCE
tables used in the temperature conversion routine TEMPR2 and the
atmospheric model routine FAKIR are pre-computed by the program BRAD
and inserted as a small card-group near the beginning of the data
input to LUNAR. BRAD should be considered a partner to, but not a
member of, the package LUNAR, since its job can be done once and for

all for any instrumental transmittance.

The next highest level of input data is the set of
parameters describing the operating settings of the radiation
pyrometer as well as the signals introduced at the different stages
of the electronics (see Fig. 2). These signals, bucking (n) and
zero-suppression (N), are used to expand the dynamic range of the
pyrometer and may occur in any scan in the sequence of scans to be
processed. Such occurrences are signaled to LUNAR in an early card
group. LUNAR stores the values of these scaling signals and pro-
ceeds to the next highest level of input data; i.e., periodic
calibration traces which are output from the pyrometer while it
is "looking" at a calibration blackbody. LUNAR reads these cali-
bration traces all at once, stores them, and computes from them
the constant K(t) of the pyrometer over the time range of the
scans to be processed in the current run (i.e., they are embodied

in the coefficients of a Lagrange interpolation polynomial}.

Finally, LUNAR reads the highest-level input data group:
y-x digital pairs representing infrared signal intensity versus
time in digitizer counts. The x's are interspersed with periodic
heading cards specifying the initiation of the x (or time) scale
and with cards that distinguish the output data of the photographic
channel from any given scan. This last card-group defines the lunar
orthographic coordinates (%,n) of the points "seen" during the scan.
These define, using MOON3 (the subroutine for lunar geometry*), the

*For the analytical description, see Reference 2.




-11-

location of the resolution element for each point along the scan.
Note that only at the highest level are there data-groups requiring
differing interdependent program interpretations. This approach
allows us to dispense with elaborate and time-consuming data-edits
and minimizes the number of passes through the data. The hierar-
chical ordering of data groups is reflected in the ordering of

such groups in the input data-deck, which allows one-time calls to
many of the component subroutines. This strategy allows for over-
lays of one-time tasks by subroutines which come into play when

we begin processing the highest-level data. If the introduction

of further functions of the state of the experimental configurations
which vary rapidly in time should require more memory space, the

ability to overlay program could easily provide extra storage.

2) Output Data Structure

Design of the output file was guided by two primary objec-
tives: simplicity and maximum use of tape storage capacity. The
need for simplicity was determined by the desired use of the file:
to provide a thermal history covering one lunar month over large
regions of the moon's surface. From this file, then, we must be
able to retrieve isotherms T(f,n,t) = Tc over a given time span
t0 <t < tn’ where to - tn is a small interval in the scale of the
lunar month. Or, we must retrieve from the complete file a time-
series in brightness temperature T(f,n,t) for a given set of coor-
dinates: (50,n0), (gl,nl), ey (En,nn). It is envisaged that such
displays could best be generated on digital-display equipment that
has photographed cathode-ray-tube (CRT) output with several pos-
sible levels of grey, such as the Stromberg-Carlson Model 4020
(5C4020) ; or, better, on the next generation of display devices,
such as the IBM 2280. In either case, economical retrieval calls
for independent unit temperature-records that require no search for
key-records or header-records to complete the data vector (T,t,:,").
In fact, each unit-record should be completely independent from all
other output records and the file should contain only records of
one type (i.e., essentially just [T,t,f,n}). A few additional data
on the output points recorded are in fact retained: terrestrial
topocentric location of the resolution element, selenocentric loca-
tion of earth and sun, air mass, and an identifying scan number to
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facilitate editing out "bad" scans. But nothing further from the

data-reduction process is "remembered" in the final output file.

A full history of the data-reduction for a given run,
including the input parameters used, is provided in the printed
output as a double-check on the magnetic tape-recorded output.
This will aid the investigator to locate "bad" scans--e.g., scans
in which the constant K(t) of the pyrometer was varying wildly and
too rapidly. The printed output then provides all "post mortem";
the permanent multi-reel tape file contains only one kind of unit
record that is sufficient to plot a point. Such simplicity of
file-structure greatly facilitates the searches and sorts required
to make the plots.

The need for maximum compression of output is dictated by
the potential size of the file. Output in conventional FORTRAN II
binary records (256 words per block) would give us an estimated 125
full reels of data. Therefore the output records are blocked: 133
logical records (15 words each of 36 bits) are stored per physical
record or block. This number was chosen to comply with the most
efficient sort available (viz. IBM 90 SORT operating under IBSYS),
which requires blocks having a maximum length of 2000 computer
words.* It is estimated that the large "blocking factor" (133) will

reduce the required number of reels in the file to 26.

One additional convention is adopted: that no physical
record shall contain the data from more than one scan. This device
enhances the speed and accuracy of editing at the cost of a minor

increase (approximately 15%) in storage required.

C. PROGRAMS

The main programs and subroutines are listed in Appendix B.

The specific titles of the programs and subroutines are as follows:

*FAP subroutines READR and WRITR perform the large-block input-
output with error checking.
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Supervises the whole package
Calculates the lunar coordinates (£,n)
Generates base level

Calculates brightness temperature T of
lunar surface

Compute the mean atmospheric radiant
transmittance ?A(T,m,wo) as function of
of lunar temperature T, air mass m, and

amount of precipitable water w, at zenith

0
Computes the constant of the pyrometer K(t)

Subfunction to interpolate K(t) table

Computes CORRADIANCE tables

Maintain permanent tape files

Listings of the following subroutines are available from Harvard

College Observatory, Infrared Laboratory:

13)

14)

15)

16)

HYPLOT

TABLE

SIDNEY

UNFIX

Subroutine to plot display residuals

Second~order interpolation routine for
tabulated angles in radians (coded in FAP)

Computes sidereal time at 0 hour U.T.
Converts fixed-point data to floating-

point and will ignore numbers already
in floating-point form
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17) FRENCH -~ Parabolic interpolation routine

The following subroutines from the SHARE Library of the Harvard
Computing Center are used by FAKIR:

18) ERR -- Computes values of the error-function
19) SIMEQ -- Solves sets of simultaneous equations
20) ICE3 -- Variable stepsize integration routine
21) ACOS -- Computes arccosine

22) ASIN -- Computes arcsine

23) ARTN -- Computes arctangent

The following are special features of SAOFMS:

24) REREAD -- Re-scans the input buffer with a new
format without physically moving tape

25) WORDSF -- Picks up free field input of alphabetic

variables

D. DISCUSSION OF THE PROGRAMS

1) Main Program LUNAR

LUNAR assigns a time-coordinate to each data-point andg,
via calls to MOON3, assigns lunar orthographic coordinates (g,n) to
each data-point. LUNAR is a data-handling program which interfaces
the analog-to-digital conversion process with the computational
routines (sections of MOON3 for geometry, FAKIR for atmospheric
model, TEMPR2 for brightness-temperature computation). The
specific data-handling procedures of LUNAR are as follows: con-
verts time from digitized counts into total seconds (which combined
with the date will give the time in U.T. and E.T.); corrects the
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infrared measurements for any lateral drift of the paper during
digitizing of the measurements; supervises the whole data-reduction
package; and keeps count and supervises the permanent tape files of

the output.

a) Input

A separate DATA DECK MAKEUP (see Appendix A) has been
written. The input deck is divided into four classes, which are
all punched in card form:

Constant Cards. These include the date, the ephemeris

tables, calibration constants, instrumental transmittance, C02, amount

of precipitable water at zenith, 0, and CORRADIANCE tables.

3

Data Cards. These are of three kinds: 1) Heading card,
which has two known times, given in hours, minutes, and seconds,
with corresponding linear paper-chart coordinates, given in counts
of an x-y digital plotter. 2) Picture time-mark card, which has a
time element measured in counts and the orthographic lunar coor-
dinates t and n obtained from a match of the photograph with the
Orthographic Lunar Atlas. 3) Amplitude infrared signal card, which
contains five data points, each having one time element and one
infrared measurement digitized from a paper-chart trace. In addi-
tion, each data card has the identifying scan number and each

picture card has a frame number.

Control Cards and Switches. Control cards to distinguish

a new scan, to end a run, etc., are provided and are described in
detail in Appendix A. Some of them have zeros punched at different
places to facilitate use of the free field format (G format of
SAOFMS) on all the other data cards. G format does not recognize
blank cards but distinguishes the zeros. A special switch called
KEY is set up to facilitate the entering of subroutines MOON3,
TEMPR2, and COEFIZ at different entry points.

Elaborate switching systems in the program are used to dis-
tinguish the many different input and control cards, all of which are
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necessary in a large data-reduction package. They should be self

evident in the program.

b) Sequence of Operations

Read in Date Card and Constant Cards. The date is read
in by LUNAR and the constant cards by subroutines MOON3 and TEMPR2Z,
which are called by LUNAR.

Heading Card and Picture Time-Mark Card Processing. A scan

usually has 4 or 5 heading cards, each of which is followed by one
or two picture time-mark cards. It is also possible that no time-
mark is available during the time interval covered by a heading card.

In this case, no picture time-mark card follows.

LUNAR reads in each heading card and the subsequent picture

time-mark cards. Then the following actions take place:

1) Each heading card is indexed so that it can be referred

to when the data cards are processed.

2) The time count of each picture time-mark card is con-
verted into total seconds by linearly interpolating the times given
by the heading card.

3) A call to subroutine MOON3 performs a series of coor-
dinate transformations and computes the topocentric hour angle and
declination of the center of the reticle for each photograph. MOON3
also indexes and stores this information.

Steps (1), (2) and (3) are repeated until the end of a
scan.

SCAN/DRIFT Card Processing. This control card causes
LUNAR to call subroutine MOON3 and to enter it at the third entry
point (see statement 500, Appendix B--Program Listing). MOON3 will
act in one of two ways, according to whether the card has the words
SCAN or DRIFT on it. The analytical treatment of the two modes of
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operation has been described previously (2). If the telescope remains
stationary during the scan (DRIFT mode of operation), the program
takes the mean hour angle and declination; if the telescope had a
uniform motion in declination and hour angle (SCAN mode of operation),
the program finds by the method of least squares the uniform motion in
each coordinate that best fits the data. In either case, the hour
angle and declination can then be interpolated for any specific time.

At this point LUNAR resets the index of the heading card to
1 and is ready to receive the data card.

Data Card Processing. Each data card has five data points
plus the scan number. LUNAR checks the scan number first, then
treats each data point as follows:

1) The time count of each picture time-mark card is con-
verted into total seconds by linearly interpolating the times given
by the appropriate heading card.

2) These data enter MOON3 through the fourth entry point
(see statement 562, Appendix B--Program Listing). This subroutine
computes the hour angle and declination for this specific time. The
coordinate transformations are then repeated in reverse order to find
the orthographic lunar coordinates. MOON3 returns to the main program
these values plus a decision as to whether the current data point is
on the lunar disk or not (ON/OFF decision).

3) LUNAR then calls subroutine COEFI2 which classifies each
data point according to the ON/OFF decision just received and how far
away (measured by the time element) the point is from the edge.
Eventually, as shown in Figure 3, for one scan, those points on the
lefthand side of the lunar disk form one group and those on the right
form another. The average infrared measurement (?l) in counts and

the time this occurs (EQ) are calculated as follows:
For the left:

gy, =% V. (12)
i=1

J
i=



FIG.

IR measurement,y (1)

3.

i

Lett 777 0> Right

Path of Scan

Moon

Scheme showing the linear interpolation between
the average infrared measurements y, on the left

of the lunar disk and the measurements §7r on the
right to obtain the sky level baseline yb(t)

during a scan. This operation is performed by
the subroutine COEFIZ2.
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J
- _ 1 Yy
tl-jfzti—-, (13)

where j is the number of data points, Yy the infrared measurements

and ti the times when yi was measured. Expressions similar to Egs. (12)
and (13) can be written for the points on the right of the lunar disk
to yield §¥ and Er‘ A sky level baseline, yb(t), is then determined

from the following linear relationship:
yp(t) = [y, - yz)/(tr - tz)] (t - tz) . (14)

These values, yb(t), are subtracted from the on-moon infrared meas-
urements, y,, to yield the net measurement y(t) = ¥; - yb(ti). This
correction for each on-moon point will not take place until the end
of each scan. There may be a great many of these points and each of
them requires 15 words of storage. The IBM 7094 computer has 32,768
words of storage, and could spare only about 12,000 of them for this
purpose. Hence, a temporary tape is needéd to accommodate these
points.

4) After COEFI2, the data of each data point, with an
index number if it is on-moon, will be stored on a temporary tape.
This index number tells which sky level is to be used as the base

line.

5) After the above step, LUNAR processes the next data
point taken either from the same card or from the next card, as
the case may be.

6) Steps (1)-(5) are repeated until a control card is
encountered, which immediately increments the index number of the

heading cards. Then the whole sequence of operations is repeated

until the end of a scan.

7) The scan number on a data card, together with a con-
trol card, signals the beginning of the next scan. The operation
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returns to step (2) and processes new heading cards and picture
time-mark cards and then repeats itself until all the scans of a

run are finished.

Tape File Count. At the end of each scan LUNAR counts the

number of physical records needed. Each record accommodates 133
data points of 15 words each.

A record on the permanent tape file may be half filled at
the end of a scan. The next scan will always start with a new
record. This will facilitate editing the file if it is needed in
the future.

At the end, the total number of physical records needed
for the run is calculated. Each tape will accommodate 1680 records.
A message is printed out which gives the number of records left
from the last run. This number should be on the date card of a run.
From it the program will decide whether to fill up the original file
or to start using a new file. A new tape is started by punching
"0" on the date card, which means "no records left from last run,
start with new tape."

First Pass Termination. The end of the first pass is sig-

naled by a control card. Before turning control to TEMPR2 to perform

the temperature conversion, the END card signals the program to:

1) Calculate the total number of physical records needed
for the run, as mentioned above.

2) Call COEFI2 to finish up the last base line.

3) Determine whether or not there is still room on the
original tape to accommodate the data of this run. If there is,
LUNAR calls subroutine COPY, which transfers all the records to a
new tape. Thus the original records on the tape will always be
protected from accidental loss during writing. If there is no
room on the original tape, COPY will be skipped.
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4) Convert the time element of the last data card into
hours, minutes, and seconds. The time is used to label each tape
file if it is so desired later.

Conversion to Brightness Temperature. LUNAR turns over

control to TEMPR2, which reads in the data points one by one from
the temporary tape and, together with FAKIR and BREW, performs the
conversion to brightness temperature.

Printed output and permanent tape filing are all done by
TEMPR2 without going back to the main program LUNAR.

The MOON3 subroutine is a revision of MOON2 (3). It is
rewritten as a subroutine to be an integrated part of the whole
data reduction package. The changes concern mostly the switch
functions and the sequence and format of the input and output, which
are now transmitted internally rather than through card forms. MOON3
has four different entry points and the main program selects them
appropriately with the aid of a switch (called KEY, Appendix B--
Program Listing).

a) Input

When MOON3 is called the first time, it reads in the fol-

lowing information:

Place Card. This card gives the name of the observing
site; the longitude in hours, minutes, and seconds; the latitude in
degrees, minutes, and seconds; and the height in meters above sea
level.

Refraction Card. Because of atmospheric dispersion, the

photographic channel and the radiometric channel will be affected
in different amounts by refraction. To allow for this difference,
MOON3 reads in photographic and infrared detector effective wave-
lengths in that order; either angstroms or microns may be used.
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The hour angles and declinations computed for the center of the
reticle of the photographs will then be corrected for differential
refraction between the two effective wavelengths (but not for the
whole refraction at either wavelength). With panchromatic film and
yellow filter the approximate effective wavelength is 6000 A and for
the infrared detector and broad band filter* it is 10.7 u.

Radial Ephemeris (Table A). The semi-diameter and hori-
zontal parallax are tabulated for every 0.5 day of E.T. Table A

is limited to 50 entries.

Geocentric Angular Ephemeris (Table B). The apparent

right ascension and declination are tabulated for every hour of
E.T. Table B is limited to 500 entries.

Physical Ephemeris (Table C). The earth's selenocentric

longitude and latitude, the sun's selenocentric colongitude and
latitude, and the position angle of the lunar axis are tabulated
for 0h U.T.

In general, there should be at least two entries in each
table both before and after all times of observation. MOON3 prints
out all the above information for each run.

b) Sequence of Operations

Compute Hour Angle (h) and Declination (§) of the Center

of Reticle for Each Photograph. The picture time-mark cards of a

scan are grouped together and read in by the main program LUNAR.
At the second entry point (see statement 400, Appendix B--Program
Listing) , MOON3 obtains from each picture time-mark card the time
in total seconds, and the orthographic lunar coordinates ¥ and n
of the projected center of the reticle, which is the homologous
point of the barycenter of the infrared detector. The U.T. and
E.T., which are the arguments of several tables, are calculated
as follows:

*Spectral transmittance as defined in Reference 1.
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a
3
il

day + t(sec) /86400 ,

td
3
I

day + [t(sec) + 35]1/86400 .

The remaining steps for obtaining the hour angle and declination of
each photograph remain the same as previously described (2). Then
the values of h and § are converted into practical units (degrees
instead of radians) and printed out. These values are also indexed
and stored.

Correction due to the Motion of the Telescope. When MOON3

is called through the third entry point, it treats the h's and §'s

of a scan according to one of the following three situations: the
telescope was stationary; the telescope had a uniform motion in

hour angle and declination; or it was uncertain whether the telescope
moved or not. Detailed treatment of this problem has appeared pre-
viously (3).

MOON3 prints out the means of all the times, the h's and
§'s with the corresponding subsolar point and topocentric disk center.

The residuals of each h and § are calculated. When the
telescope was known or determined by the program to have been moving
uniformly, any point with residuals of 10 arcsec or bigger from the
computed mean value of the path of the scan is considered to be
unreliable and is discarded. In the event that only one or two
points remain, the reduction stops and the calculation is based on
these one or two points. When a satisfactory set of residuals is
obtained, the rms (root mean square) residual in position (both
coordinates combined) is calculated and printed out, together with
a graph of the residuals as a function of time.

The output of the orthographic coordinates obtained from
the photographs of all scans in a run are placed together by MOON3.

Ephemeris Data for Each Observation at Time t. MOON3

receives the time (in seconds) and the infrared measurement of each
data point at the fourth entry point. MOON3 calculates the ephemeris
data and determines whether the infrared measurement is on or off
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the lunar disk. All these are transmitted back to the main program
LUNAR, which in turn calls subroutine COEFI2 to generate the correct
base level for this scan and then stores all the results on a tem-
porary tape. As mentioned before, the output of the ephemeris data
is combined with the brightness temperature and printed out at the

end of a run.

Process a New Scan. The last two steps are repeated for

a new scan. MOON3 poses no limit to the number of scans that can
be processed, except that they should all belong to the same date

and should use the constants included in the tables read into MOON3.

3) Subroutine COEFI2

COEFI2 corrects the infrared measurement caused by the
presence of the zero-suppression or bucking signal. The zero-
suppression and bucking signals for each scan are read in by TEMPR2.
It is understood that they are constant throughout a scan. COEFI2
selects the corresponding zero-suppression and bucking signal for
each scan and corrects the infrared measufements accordingly. If

no such information exists, the infrared measurement is left intact.

COEFI2 also generates a continuous sequence of linear fits
to sky deflections so that they can serve as the base level that is

subtracted from the moon deflection.

a) Input

COEFI2 is supervised by the main program LUNAR. COEFI2
is called after each data point has been processed by MOON3. Hence,
two data are available for COEFI2. They come from LUNAR and MOON3
respectively, and are:

1) time in seconds (TSEC); and

2) whether the infrared measurement is on or off the
lunar disk.
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With this informatibn, COEFI2 divides all the data points of a run
into five categories. They are in time sequence and come to COEFI2
one by one. Figure 4 shows the sequence in the five categories.

b) Sequence of Operations

The sequence of operations is as follows:

1) Starting from point "a" COEFI2 stores time and infra-
red measurements for each point until it reaches point "b", the

first on-moon point.

2} It then backtracks 3 seconds from "b" to "c" and dis-
cards the points in between because the infrared measurements of
this region are now affected by lunar radiation. The mean value
of the infrared measurements between "a" and "c¢" and the time when

they occur are then calculated, indexed, and stored.

3) Information relating to each on-moon point between
"b" and "d" is then stored on temporary tape. This tape contains
the scan number, U.T., ephemeris, date, and the revised infrared
measurement. COEFIZ also assigns each point an index number (KD)
so that the corresponding base level will be subtracted from the

infrared measurement.

Each on-moon data point generates 12 items of information.
It is possible that several on-moon scans may be grouped together.
If that is the case, more than 1500 data points will be accumulated
and at least 18,000 words of storage will be needed. Therefore a
temporary tape and a second pass are needed to accomplish the com-
plete data reduction.

4) Continuing from "d", COEFI2 ignores the data between
"d" and "e", which are 3 seconds apart, for the same reason given
in step (2). From "e", time and infrared measurements are again
stored until the next on-moon point "f" is reached.



IR measurement,y(t)

——

Path of Scan

FIG. 4. Scheme showing the linear interpolation to obtain
the sky level base line yb(t) for a series of scans.
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5) COEFI2 backtracks again 3 seconds to point "g". The
mean value of the infrared measurements between "e" and "g" and the
time they occur are again calculated, indexed, and stored. These
data, with the information from step (2), completely determine the
first base level.

From point "f" the program repeats itself from step (3)
and treats point "f" as point "b". Thus the terminal point of the
first base level becomes the starting point of the second. COEFI2
then completes the last base level with the signal of the last card
of the run.

Iif for any t

ason i ecessary to repeat the run of
some particular scan and the brightness temperatures calculated do
not come out exactly as before, the discrepancies may be due to the
fact that the scan was previously run together with the adjacent
scans. The base level was previously dependent on all the off-limb
points between them, but in the repeat run is dependent on the points
of this particular scan alone. In practice, however, the difference
is usually very small and will not show up since the result in de-

grees Kelvin is accurate within 4 significant figures.

4) Subroutine TEMPR2

To find the brightness temperature of a given data point,
the main reduction program solves the following non-linear integral

equation:
K(t)y(t) = R1,[T(&,n),m,uylSIT(E,n)] , (15)

where y(t) is the infrared measurement at a point with coordinates
(£,n) ; K(t) is the constant of the pyrometer obtained as described
under GAIN and LAGR, R is an instrumental constant described in
GAIN, ?A[T(E’”)'m'wol as computed in FAKIR and S[T(£,n)] as computed
in BRAD. Since these variables are bounded and tabulated, this
problem is solved to adequate accuracy by inverse linear inter-
polation (Regula Falsi method). Note here that TEMPR2 fills out

by linear interpolation the A table in A(T), B(T), C(T)--the
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parameters of the atmospheric model computed by FAKIR--to the full
85°K to 410°K range in increments of 1°K compatible with tables in
the CORRADIANCE, S(T).

To put it more generally, we are to find the zero of a

tabular function, F(T), where:

F(T) = — XY 51 . (16)
RTA(T,m,wO)

(Note that the T here is really the average brightness temperature

of the lunar region covered by the resolution element.) Both the
integral, S(T), and the mean atmospheric radiant transmittance, ?A’
are known to be monotonic in T. This consideration might argue for

a Newton-Raphson approach. However, in view of the lack of ana-
lytical expressions for the derivative of F(T), the work proceeds more
efficiently with the Regula Falsi method. This is especially true
since within any one scan we can take the final root, T, for the
preceding time point and make it the starting root for the next.

At the beginning of the scan, F(T) is tabulated and the T's on either

side of a sign change are selected as starting points, T0 and T,:

1

Step A: T' = [F(T|)T, - F(TO)TI]/[F(T]_) - F(Ty)) (17)

Step B: T' — TO if F(T') < O (18)
T' — T, if F(T') > 0 (19)

Step C: Return to step A until iTO - Tll < AT(T),

where AT(T) is the temperature resolution determined by the noise
level of the pyrometer. Actually, in the present case, one itera-

tion is quite sufficient.
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a) Input

TEMPR2 reads bucking and zero-suppression signal. These
are held in COMMON for use by COEFI2. The principal inputs to
TEMPR2 are the current CORRADIANCE tables, S(T) (which are read
from constant cards selected for the instrumental transmittance
that is applicable to the scans currently being processed); current
infrared measurement, y(t) (corrected for base level and bucking and
zero-suppression signals); and K(t) (the constant of the pyrometer).
In addition, the mean atmospheric radiant transmittance is obtained

through communication with subroutine FAKIR (refer to Fig. 1).

b} Segquecnce cof Operations

One segment of TEMPR2 is used to read the constant cards
under supervision by LUNAR. TEMPR2 then executes calls to FAKIR
and GAIN, to obtain the mean atmospheric radiant transmittance
values for the entire time interval covered by the scans in the
current run and to obtain a polynomial form for the constant of
the pyrometer in the same time interval. - Finally, TEMPR2 executes
the entire second pass through all the data points, subtracting the
base level corrections computed by COEFI2 and adding brightness

temperature to the data vector describing each point.

5) Subroutine FAKIR

This subroutine computes the mean atmospheric radiant
transmittance ?A(mj'Ti)’ A set of temperatures, Ti’ covering the
lunar temperature range (85°K to 410°K) is selected, and for each
Ti a small set of air mass values, mj {(which cover the range

m= 1.0-4.0), is selected. The mean transmittance is calculated:

B {N(X,Ti)TO(X)TA(mj,A)dA
TA(mj,Ti) = R (20)

N/
A

m
N i )"C Ag QA

3 1) )
A
' j 0\ !

o%~—8

where N(A,Ti) is the spectral blackbody radiance, TO(A) the
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spectral instrumental transmittance, and TA(mj,x) the spectral
atmospheric radiant transmittance computed according to one of

the atmospheric models previously described (2).

The denominator in Eq. (20) is selected from the
CORRADIANCE tables pre-computed by BRAD and the numerator is
evaluated by use of subroutine ICE3. Note that it is not feasible
to pre-compute the numerator, since the rA(mj,x) computed by BREW
is dependent on the amount of precipitable water along the path, u,
which covers a wide range. Also, peculiarities in the atmospheric

conditions over some time may require the selection of differing

models. Thus TA(mj’A) is really t,(m,x,0,model). After the ?A has
been computed for each of the mj, a least-squares fit of ?A is made
to the analytic form:
T = ~cmP 21
TA(mj,Ti) exp (-cm®) , (21)

where p = A loglO m + B.

This process is repeated for all of the T, and the result

is a ?A analytic in m with coefficients tabular in T:

_ T,
TA(mj,Ti) = exp [-C(Ti)mp( l)] (22)

where
p(Ti) = A(Ti) log10 m + B(Ti) . (23)

To find _A(m,TX) where T, < T, < Tj’ simple linear interpolation in
the tables of [A(Ti),B(Ti),C(Ti)] is adequate, since ?A is a slowly
changing function of T.

6) Subroutine BREW

This subroutine used by FAKIR calculates a spectral at-
mospheric radiant transmittance TA(m,A), according to one of three

possible analytic models previously described (2). A also depends
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on the amount of precipitable water, wgr at the zenith. The technique
used by BREW has been described previously (2).

7) Subroutine GAIN

This subroutine computes the constants of the pyrometer
K(tc). Periodically interspersed with lunar scans are calibration
passes in which the infrared detector is "looking at" a calibration
blackbody at temperature TC with an enclosure reference blackbody at
temperature TR. Let y(tc) be the amplitude in digitizer counts of the
calibration infrared signal. Now we can calculate a pyrometer con-

stant (i.e., calibration or scaling constant) from:

Kt )y(t)) = R {SIT(t )] = SITp(t )1} (24)

where the tc are times of calibration passes, R is an instrumental
constant, and S is CORRADIANCE as obtained by linear interpolation
in our BRAD-created tables. If our times of calibration, tc’ span
the time region covered by the scans to be processed, we have in the

values K(tc) a discrete table of pyrometer constants as a function
of time.

8) Subroutine GT (mnemonic LAGR)

The LAGR subroutine performs Lagrange-interpolation in
the table K(tc) to obtain K(t) at any time of a data-point. Thus,
depending on the number of calibration times, tc (c=1,2, ..., n),
a polynomial of arbitrarily high degree (n) is available to describe
the drift of the pyrometer constant:

n

(t - t,)
K(t) = ZK(t)TT -t) : (25)

c=1
#c

This information is called for at each data point from the temperature-
conversion program TEMPR2.
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9) Subroutine BRAD

The program BRAD is not incorporated in LUNAR, but performs
a set of computations which are pre-tabulated before a run of the
LUNAR package. A selected BRAD output set is submitted with each run
of LUNAR. BRAD produces tables of blackbody radiances, corrected for
proper instrumental transmittance (CORRADIANCE), as a function of
temperature, T. The spectral instrumental transmittance, TO(A) is
input to BRAD. tO(A) may be tabulated in any given interval, AXx, over
any range of A (here we are concerned specifically with the 8.0-15.0

micron "window"). BRAD evaluates the integral:
S(T) = f N(X,T)TO(A)dA ’ (26)
0
where
€1
N(x,T) = ’ (27)

xs[exp (cy/AT) - 11

and

c, = ch/k ,
where ¢ is the velocity of light in vacuum, h is the Planck constant,
and k is Boltzmann's constant.

For a given spectral instrumental transmittance, ro(k), a
table of CORRADIANCES, S(T), is output for the temperature range
85°K to 410°K. To evaluate the integral, BRAD uses ICE3, a variable
stepsize integration routine employing a modified Adams-Moulton
method with error control (via stepsize halving to estimate error).
Interpolation in the table, ro(x) is provided by a parabolic inter-
polation routine, FRENCH. The tabular interval AT = 1°K is quite
adequate since the CORRADIANCES, S(T), are clearly quite well-behaved
and monotonic.
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IV. COMPUTER OUTPUT

The Table shows a typical output of the data processed by
the computer program discussed in this report. Column 1 gives the
scan number arbitrarily assigned to each scan. Column 2 gives the
data point number in sequence. Columns 3, 4, 5, and 6 give the date
expressed in days, hours, minutes, and seconds at which the respec-
tive data point has been obtained. Columns 7 and 8 give the ortho-
graphic coordinates of each data point. Column 9 gives the air mass
through which the point of given coordinates has been measured.
Columns 11, 12, 13, and 14 give the elevation of the sun and earth
at the given orthographic coordinates, earth azimuth from the sun,
phase angle, and brightness temperature. The print cut "off" at
the bottom of the Table means "off the lunar disk". Thus, this out-
put gives not only the brightness temperature but also other relevant
astronomical data for further interpretation of the brightness tem-
perature data.
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CWOWVNEHOEANNNOE~,OCOWHOND®

. & & 0 L]

-0.1

-7.3

SCAN 1
EARTH AZH. PHASE
FROM SUN ANGLE
0.3 11.2
0.3 11.2
0.3 11.2
0.3 11.2
0.4 11.2
0.4 11.1
0.4 11.1
0.5 it.1
0.5 11.1
0.5 11.1
0.5 ii.1
0.5 11.1
0.6 11.1
0‘6 ll.l
0.6 11.1
0.6 11.1
0.7 11.1
0.7 1l.1
0.7 11.1
0.7 11.1
0.8 11.1
0.8 11.1
0.8 11.1
0.8 11.1
0.8 11.1
0.9 11.1
0.9 11.1
0.9 11.1
0.9 11.1
1.0 11.1
1.0 11.1
1.0 11.1
1.0 11.1
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
O. o.
0. o.
0. 0.
0. 0.
0. C.
0. 0.
O. 0.
O. O.
00 0»
0. 0.
0. 0.
0. 0.
0. 0.
o. 0-
0. 0.

OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

TEMPERATURE
DEGREE K
295.02
293.03
289.99
286.84
286.84
285.76
283.58
283.58
283.58

282.47
280,21

279.06
276.72
275.53
271.85
270.59
268,00
265.34
2€6.67
263.96
263.96
259.71
255.21
250.41
247.02
245.26
239.68
235.67
235.67
224 .28
224.27
216.10
216.09
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
~0.
-0
-0.
-0.
-0.
-0.
-0.
-C.
-0.
-0.
-0.
-0.
-0.
-0.
-C.
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APPENDIX A

SAMPLE DECK MAKE UP

DATE CARD--Besides year, month, and day, this card also gives

the number of physical records remaining on the tape from the
last run. Punch "0" after "date" to start a new tape.

Example:

Column 1 4 6
1965 APRIL 15 0

one blank in between

EPHEMERIS CARDS

Ephemeris cards are of five types. They are normally read in

the order given below; also, there is a blank card to terminate
this group.

a) PLACE card (Observer's coordinates)

b)

This has PLACE in coclumns 1-5, the name of the place in
cols. 7-18 followed by the longitude (+ West, - East) in
hours, minutes, and seconds; the latitude in degrees,
minutes, and seconds; and the height in meters above sea
level. The format is similar to that for the list of
Observatories in the Ephemeris.

REFRACTION card

This card has REFRACTION beginning in column 1, followed

by the photographic and detector effective wave lengths in
that order; either angstroms or microns can be used as units.
The hour angles and declinations of the resolution element
obtained from the photographs will then be corrected for dif-
ferential refraction between the two wavelengths (but not

for the whole refraction at either wavelength). If the re-
fraction card is omitted, no correction will be made.




a)

e)

~-36-

Approximate effective wavelengths are:

Photographic Channel

panchromatic film, no filter: 50003
panchromatic film, yellow filter: 6000A

panchromatic film, red filter: 62003

Visual Channel

o
5500A

Radiometric Channel with the Addition of Broadband Filter

10.7u

TABLEA card (Radial Ephemeris)

This has TABLEA in columns 1-6, followed by the year, month,
and day; and the lunar semidiameter and horizontal parallax.
The month should be separated from the year by a single blank.
The day ends with .0 or .5, just as in the Ephemeris. This
table is limited to a maximum of 50 entries.

TABLEB card (Angular Ephemeris)

This has TABLEB in the first 6 columns; the year, month,
and day as above; the hour of the day; the R.A. and decli-
nation of the Moon as given in the Ephemeris. This table

is limited to a maximum of 500 entries.

TABLEC card (Physical Ephemeris)

This has TABLEC in columns 1-6; year, month, and day as
before; the Earth's selenocentric longitude and latitude:
the Sun's selenocentric colongitude and latitude; and posi-
tion angle of the Moon's axis. This table is limited to a
maximum of 25 entries.
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In general, there should be at least two entries in each

table both before and after all times of observation.

3. CONSTANT CARDS FOR TEMPERATURE REDUCTION

a) Constant of the bucking-signal counter cards

These constant cards are expressed in watts per bucking sig-
nal count; it is inherently positive. This constant appears
alone on the card in columns 11-22, and should be right-
justified (i.e., leading blanks are acceptable, but blanks
trailing into column 22 are not).

Example:
Column 12 19 20 21 22
+ .1206 - 0 9

This is E-format, where the last three characters must be

a sign for the exponent and a two-character exponent-~-the

+ sign in column 12 is optional. The above represents the
quantity 1.206 «x 10—10. If no bucking signal is to be used

for a run, nevertheless one blank card must replace this card.
b) Scan-Bucking signal cards

These are one or more cards specifying alternately a scan
number and one associated bucking signal. One card accom-
modates seven such pairs. The first and succeeding cards
of this group must contain the letters BUC in columns 1-3,
and the last card of the group must be totally blank. If

there is no bucking signal among all the scans, then only

the blank card is needed to represent this group.

Example:

Column 1 7 il 17 Tl ?7 ?l
¥ ¥ Y

o
BUC 025 -97.5 026 +63.2 100 +125



c)
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The above lists three scans in the present run in which
bucking signals were present. The three-place integer field
specifies the scan number and is followed by a five-place
decimal field which expresses in units of the bucking-signal
counter the additive bucking voltage which was present
throughout that scan. The sign of the bucking signal is
determined as follows: if it has increased the height of
the deflection trace, then the sign is positive; if the
presence of the bucking signal has made the y-deflection
trace smaller by a constant (i.e., smaller than it would have
been in the absence of a bucking signal), then the sign is
negative. If three digits of non-fractional significance are
desired in the bucking counts, any fraction of a count must
be dropped, and the decimal point occupies the last position
in the field (as with the entry for scan 100 in the above
example). For sake of internal efficiency, if more than

one BUC card will be needed to list all scans with bucking
signals and their associated bucking counts, the first BUC
card should be filled with all the seven pairs it will ac-
commodate. No more than twenty scans with bucking signals
should be run at once. Each scan with a bucking signal must
have an entry for it in a BUC card even though the same sig-

nal may persist through several contiguous scans.

Scan-Zero suppression cards (see Fig. 1)

The same conventions and formats apply here as to the scan-
bucking signal cards in group b), with the following

exceptions:

(1) The first three columns of the card must contain the

characters ZER (followed by three blanks as above).

(2) Zero suppression counts are entered in units of digi-
tized deflection counts (four counts per millimeter of
deflection).




~39-

Again, a blank card must always be present in this
group, even if a set of ZER cards is not needed and

is not present. Thus, in a run of scans in which buck-
ing signal and zero-suppression are not relevant, the
data deck would begin with three blank cards--one for
each of the three data groups so far described.

d) Convolution of the blackbody radiance and instrumental
transmittance table cards

This group will already have been prepared. Three such
groups are currently available:

one for the wide-~band filter plus window;

one for the narrow-band filter plus window;

one for the rectangular filter plus window.

Each set comprises 54 cards. If any filter other than
those listed above is used, a new group of table cards

must be prepared in advance.

e) FAKIR control cards

Card 1 gives the amount of precipitable water in milli-
meters, for one air mass measured during the lunar
observations; the amount of precipitable water used for
the atmospheric model (this amount, 3.0 millimeters, has
been derived from the data collected by Gates and Harrop,
but if the experimental data input to the FAKIR program
should change, the quantity should be changed accord-
ingly); and a name, LIN, for the order of interpolation
to be used in the experimental data. Five columns of
this card are allotted to each of the above control
quantities, beginning in column 1, except for the last

name, LIN, which occupies only three columns.

Example:

Column } ? %1 }6

¢ 4 ‘ |
15.23 03.00 GREV* LIN

*A name for the model that determines the use of the coefficients
coming from the experimental data being used. This name should
always appear starting in Column 11.
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As opposed to numerics, the names must be left-justified
in their allotted fields.

Card 2 specifies three quantities that control treatment
of continuous absorption by FAKIR: the first control is
one letter--either an H or an A--which specifies whether
or not continuous absorption is to be due to H,0 (H
stands for HZO and 3.0 millimeters has been selected as
the amount of precipitable water as the source of con-
tinuous absorption and should always be used with the
current experimental data). The next control is the
coefficient of continuous absorption for the choice made
in the first control. For H20 as the cause of continuous
absorption, this coefficient should be 0.01075; it should
be 0.06 if HZO is not the cause. The third control has
two alternatives: either blank cards or the word NOT in
the last three columns of the card. If NOT is used,
continuous absorption will be ignored. Generally do not

ignore it (i.e., do not put NOT).

Example:

1 10
| !
H

0.01075

Column

This, in fact, is the card that should generally be used:;
but the choice may be subject to reconsideration for
scans that took place during times when the amounts of

precipitable water were exceedingly low.

Card group 3 contains the experimental data which supply

the coefficients for the various small-step models (2).
These cards have already been prepared and should simply
be inserted as a group at this point. (Always check to
be sure that the last of these cards has a 1 in column

80 to signal the end of this group.)
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Card group 4 -~ Instrumental transmittance. This is the

tabular form of the spectral transmittance of the filter
and window mentioned in Chapter 4. Again, this is a pre-
generated group of cards which should match the radiance
table (above) in its identification; at present, this
includes only wide-band, narrow-band, and rectangular.

Card group 5 - Temperature list. This list specifies a

convenient set of temperatures within the working range
at which FAKIR will compute the tabular coefficients of
?A. All other values of the coefficients in steps of

1°K are then picked up by linear interpolation in the set

of "exact" values at the temperatures in the present list.

The present pre-generated cards for this list are ade-
quate, but if a change is ever desired, punch ten tem—
peratures per card separated by blanks--free field--
using as many cards as desired, and end the list with a
negative temperature.

Card 6 — Extrapolation card (for BREW). This card selects

an extrapolation between the experimental data and the

CO2 theoretical data. Six fields are present on this card.
The first is a ten-column field starting in column 21
which specifies the beginning of the IR-region (expressed
in microns) in which an extrapolation will be made from
preceding data; this field is in decimals. The next
field is alphabetic and either contains the word EQUAL

in columns 31-35 or is left blank. If the word EQUAL

does appear, the extrapolation will be made to the wave-
length at which the amount of CO2 absorption becomes
comparable with that attributed to H20 in the region

from which the extrapolation is made, or to the upper
limit on the region in which extrapolation is made (this
is entered in the next field). If EQUAL does not appear,
extrapolation will be made to the upper limit punched

in the next field, which is again decimal and occupies
card columns 41-50. Here is entered the upper limit of
the IR-region in which extrapolation is necessary (because
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of lack of experimental data). The next field occupies
card columns 51-60 (always inclusive) and gives in microns
the lower limit of the IR-region from which the extrapo-
lation is to be made. The fifth field occupies columns
61-70 and gives the upper limit of the IR-region from
which the mean is extrapolated. The final field, columns
79 and 80, contains either the word NO or blanks. If

the word NO is present, no extrapolation is performed.

Example:
Column 21————————?0 31—~—f5 41—————~——T0
12.543 EQUAL 14.100
Sl————————TO 61————-———IO IQ—TO
12.000 12.500 N O
or
BLANKS

Here an extrapolation is made in the range 12.543 to 14.100
microns or to the wavelength at which the amount of CO2 is
comparable with that of Hy
the available data in the IR-range 12.0 to 12.5 microns. This

0; the extrapolation is made from

card is pre-generated and all data are right justified.

f) Calibration Constant K(t) cards

These cards contain a table of the calibration constant, K(t), as
a function of universal time. Values of K(t) are expressed in
units of watts per millimeter of the deflection trace. Values
for the whole time range covered by the scan are batched to-
gether in one run: specifically, a value for the calibration
constant for a time earlier than the earliest time a data-point
was recorded in the first scan, and a value at a time later than
the latest data-point in the last scan should be entered, along
with their associated times according to the format specified.
Handling discontinuous changes in K(t) may be ignored as long

as the bucking-signal and zero-suppression remain the only means
by which the output level of the deflection trace can be changed
by discrete amounts. However, the CHANGE card containing the
time greater than any of the data-point times embodied in the
scans must be present.
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Format
Format Entry Columns
A6 Card Type 1-6
13 Day 7-9
I3 Hour 10-12
I3 Minutes 13-15
F6.2 Seconds 16-21
E10.4 K(t) 22-31
Card Type

(1)

(2)

(3)

(4)

The first card cannot be a CHANGE card and will

have blanks in columns 1-6.

On every card representing data recorded at the
time of a discrete change of the gain setting, the
word CHANGE should be entered in columns 1-6.

After the last data card in the deck, a card with
only the word FINALI in columns 1-6 should be
included.

The card immediately preceding a FINALI card must be a

CHANGE card with a time greater than any preceding time.

Example:

Column 1 6 89 11 12 14 15 17 18 19 20 21

T T T e e
3 1

CHANGE 18 1 3 1 9 . 2 5
or
FINALI
or
BLANKS
23 24 25 26 27 28 22 30 31
bbb bbb
. 0 8 3 4 1 E - 9
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4. SCAN CARDS

There are six different card types under this group. They are:

a)
b)
c)
d)
e)

f)

Heading cards
Picture cards

SCAN or DRIFT cards
Data cards

000 cards

Scan ending cards

They are arranged as follows:

a)

b)

Heading Card: This card is generated by the digitizer and

contains the deflection and time (hour, minute, and second)

counts at the beginning and the end of each scan.

Format (free field format of 150) :

o
*

No. of S

C XHI
Field l
1

|
0

o — N
N «— O
o\ «— It
Ne— 3
o +~— W
O «~——p
= N
b= O
w «—

I
1

= +«—W0

101 21 4 15

Picture Cards: One or more picture cards relating to the

same scan as the heading card are grouped together. The
orthographic lunar coordinates XI and ETA and the identi-
fying picture frame number are all punched on these cards.

Free field format of 8G is used:

Ng. of Scan 1 XLO 2 990* No. of Frame XI ETA
Field b b } b
l1 2 3 4 5 6 7 8

A scan usually has more than one heading card; a) and b) are
then repeated from here for the whole scan.

*990 distinguishes these cards from the data cards.




c)

d)

e)

f)
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SCAN or DRIFT Card: This card has a 0 (zero) punched in

column 2. The rest of the card may be blank or may contain

an indication of the scanning mode, beginning in or after
column 7; the mode is indicated by the word SCAN if the
telescope is moving during the scan, or the word DRIFT if
a drift curve is taken with the telescope fixed.

DATA Cards: All the data cards of a given scan are grouped
together but subgroups are subdivided by 000 cards.

000 Card: A card with 000 punched at columns 1-3 separates
each sub-group of data cards that are under different
heading cards. (Hence, the number of 000 cards of a scan
is always one less than the number of heading cards.)

Scan Ending Card: This card has 0 (zero) punched in columns
2, 4, 6, and 8. It signals the end of one scan and the
beginning of the next scan. It may be omitted if only one

scan is being processed.

NEXT SCAN: At this point the SCAN CARDS of Section 4 may be

repeated for the next scan. The number of scans that can
be processed in a run should all be under the same DATE
CARD and the constant cards of Sections 2 and 3. However,
the number of scans that can be processed using bucking

signal and zero suppression is limited to twenty.

5. END OF RUN CARD

This card has 0 (zero) punched in column 2 and the word FIN
on columns 4, 5, and 6. It immediately precedes the END OF
FILE card.
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APPENDIX B
PROGRAM LISTING

LISTS
LARFL
SyMrOL TARLF

CMAIN PROGRAM LUNAR TO COMPUTE TEMPERATURE DISTRIBUTION ON MOONS SURFACE

@}

[}

(1

LUNAR <UPERVISFS SURROUTINES MOON3,COEFI2 AND TEMPRZ2
COMMON BUCK ¢ZERO ¢BSCONSNSBoNSZ 9¥114U1sCoCToTIsGNoNKsALAMBSJELEMNT,
1C14C2+C3+sPLANSWH20sCAUSE 9sCOEF 3 AVOIDCy IMAX sPRINEXsFIT s LAMEND
DIMFNSTION RUCK(20)+ZERO(20)sNSB(20)9eNS2(20)
DIMENSION Y11(200)4U1(200)4C(200)
DIMENSION CT(20)sTI(20+20)sGN(20920)¢NK(20)
DIMENSICN ALAMB(200) s ELEMNT(200)1+C1(200)9C2(200)+C3(200)
DIMENSICN LIST(21)eXLTIST(21)+REMARK(12)sNRPS(20) »TEST(2)
DIMENSION TIMEL(9N) ¢ XLO(90)sY2ZERO(9C) +SLOPE(90)sRPATE(90) s XHI(50)
DIMENSTION BUFR({154133)9LBUFR(15+,133)
FQUIVALENCE(RUFR$LBUFR)
EQUIVALENCE(LISToXLIST)
NTAP=L OCGICAL TAPE NUMBER FOR TAMPORARY SCRATCH USE
NTAD=4
NTRYI=2
NTP?2=1nN
QL ANK=1H
CENTER=6HCENTER
S1JagOL =6HSURSOL
FRASE KDeCSW
TRASE NSCANsIHsNDPSsNRTSNDT
ERASE BUFR
NEC=1
REAN DATE CARDe NRL 15 THE NOe OF PHYSICAL RECORDS LEFT ON TAPE
FROM LAST RUNe PUNCH N FOR NRL IF TO START A NEW TAPE
RTAN INPUT TAPFS54+121YRsAMON, IDAYSNRL
1 FORMAT (17e82,4257) )
WRITE OUTPUT TAPE6999+1YRIAMONs IDAY
99 FORMAT(1H141441XA3s13426X-LUNAR SCAN PROCESSING-)
DAY=1IDAY
ERASF KEY
KEY 1S THE SWITCH FOR DIFFERENT ENTRY POINTS OF SUBROUTINES.
READ PLACE + REFRACTION CARDS + EPHEMERIS TABLES BY MOON3
CALL MOON3 (IYRsAMON s DAY s TSECsKEY s SPOToXIsETA9AIR »ALTOBSsNFRAME
1ALTCOL 4AZOUT4PHASE 4NSCANSEDGE sDATUM)
READ 6 GROUPS DF CONTROL CARDS BY CALLING TEMPR
CALL TFMPR2 (NTAP,IP1+NPBoNPZ DAY sKEY s TEMPNTP1,BUFRsLBUFRY
11 VYR GAMNANLGTNAY)
Krvy=1
REAN HFADING CARDS AND PICTURF CARDS OF ONE WHOLE SCAN.
10 READ THPUT TAPES 24 (LIST(I)s1=1+9)
2 FORMAT (8GsAB)
IF(LIST-NSCAN)100,4270+100
SET yP FOR FACH HEADING CARD
100 IF (LIST) 3, 30,168
168 NSCAN=LIST
169 READINPUTTAPEG9 4 T4 (LIST(I)sI=1915)
T FNRMAT (15G)
170 TH=1H+1
IH 1S THF COUNT OF HEADING CARDS
TF(LIST(I0)-LIST(3))13+34101
3 CALL RFRFAD
RFAD INPUT TAPES s4¢sREMARK
4 FORMAT (12A46)
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WRITF QUTPUT TAPE6+5«REMARK
5 FORMAT (1HO,12A645X23HCARD ERROR OR MISPLACFD)

CALL FXIT

101 IF(LIST(2)-113,103,7

103 TF(LIST(4)-2)3410447

104 TF(LIST(11)=2)341NK,7?

105 DO1INE J="2415

106 CALL UNFIX(XLIST(J))
TIMEL(IH)=XLIST(6)%26004+XLIST(T7)*¥60,+XLIST(8)
TIM52=XLIQT(13)*3600.+XLIST(14)*60.+XLIST(15)
XLO(IHY=XLIST(3)
XHI ({H)Y=XLIST(10)
YZFRO(THY=XLIST(5)
YONF=XLIST(12)
SLOPE({TH)I=(YONF=YZFRO(TH) ) /(XHI(IH)=XLO(IH))

110 RATE(IH)=(TIME2-TIMEL(IH))/(XHI(IH)=XLO(IH))
RATF 1< IN SFCONDS PER COUNT.
IF(RPATF(IH))9241N

270 TF(XLIQT(9)Y/RLANK)2714273,271
271 IF(XLISTI(G)/CENTFR) 27242744272
272 IF(XLIST(9)Y/SURCOL) 16992754169
272 FRASF &PQT
GO TC 200
274 SPOT=-1e
GO TO 200
27% SPOT=+1.
200 IF(LIST(2)-113,2014"7
201 TF(LIST(4)Y=2)34202,7
202 IF{LISTI(5)=-7N013434203
207 X=YLIST(3)
CALL UNFIX(X)
TO FHECK IF X IS IN BETWEEN XLO AND XHI
IF((X-XLO(IH) Y ¥ (XHTI(IH)=X)}) 3,204+204
204 TSEC=TIMEL(IH)+RATF(IH)*#{X-XLO(IH))
NFRAME=LISTI(6)
XT=LIST(7)
FTA=LIST(8)

PROCESS THE OBSERVED PICTURE CARDS BY MOON3
CALL MCON3 (IYR3AMONDAY s TSEC,KEY 9SPOToXIsETASAIRSALTOBSNFRAME,
1ALTSOL,AZOUT4PHASE yNSCANSsEDGE S DATUM)
G2 T2 10
NOW TO CHECK IF IT IS A DRIFT CARD OR NOT
30 XFYy=2
CALL RFREAD
CALL MOON2 (IYRsAMONsDAY sTSECIKEY »SPOT9XIsETA»AIRsALTOBSsNFRAMES
1ALTSOL g AZOUT yPHASE yNSCANEDGE 9 DATUM)
NH=TH
NH=NUMRER OF HFAD CARDS OF ONE SCAN

NOW RFAD DATA CARNS OF WHOLE SCAN
IH:1
Key="7
40 RFAD INPUT TAPFS5 4454 IST
6 FNORMAT (21C)
IF (LIST-NSCAN) 120,370,120
370 [TEM=2
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IF (LIST(ITFM)I=1)34380,3
TF(LIST{ITEM42)~2134400,3

NDPS=N'"IMRFR NF DATA PFR SCAN

NDP&=NDPS+]

IF(LIST(ITEM+3)=TN0146034343

Y RTADING AROVE 700 1S A MIXED POINT CARD
X=XLIST(ITFM4])

CALL UNFIX({X)

TF((X=XLOCIHI I *(XHI{IH)=X)) 344049404
TSEC=TIMFT(IH)+RATE(IH)* (X-XLO(IH))
Y=XLIST(ITEM4+3)

CALL UNFIY(Y)

V=Y~ (YZERO(IH)+SLOPE (ITH)* (X=XLO(IH)))+1000,
DATIIM=Y

CALL MCON3 (IYRGAMONDAY s TSECHKEY oSPOTeXI+ETASAIRIALTOBSeNFRAME,
1ALTSOL s AZOUTSPHASE yNSCANSEDGE 9 DATUM)

CALL CCEFTI2 (NTAPSIP1sNPBoNPZsDAY s TSECSKEY 4EDGEWDATUMGKD s CSWel.SCAN
1)

WRITE TAPFE NTAP s TRFCoXIsETASAIRJALTORSH AL TSOL+AZOUT+PHASEZNSCANS
1FDGT ¢DATUM KN

IF(ITEM=18140S440,40

ITEM=ITEM+4

IF(LISTIITEMYI=1)4Nn4406440

IF(LIST(ITEMH2)-21404,400+40

CALL RFREAD
RTAD INPUT TAPE 5,484TEST
FORMAT (Z2A3)
HCARP=3HNOD
IF(TEST/HCARD)ISENS5N,50
non CARD KFTPS THF COUNT OF HEADING CARDS
TH=TH+1
IF(IH-NHI4D940,43
KEY=1
FIN=3HFIN
CSCAN=3HO O
TD CALCULATE NUMBER OF PHYSICAL RECORDS NEEDED PER SCANe. EACH
RZCORD CONTAINS 1995 WORDS AND EACH MEASURFD DATA GENERATE 15
WORDS CQUTPUT. HENCE EACH RECORD WILL ACCOMONDATE INFORMATIONS
FROY 123 DATA POINTS, NO RECORD WILL HAVE INFORMATION FROM
NIECERENMT CraNg
NRPe=NUMBFR NF RECORC NEEDED PER SCAN
IF (XMODF (NNPSs133)) 71970471
NRPS(NaC)I=NNPS /133
50 70 72
NRPS(NSCI=(NNDPS/133)+1
NDT=NDT+NDPS
S(TEST(2)/FIN) 69480469
IF(TEST(2)/CSCAN)3573,3
CREDART FOR NFXT SCAN
FRAQF NSCANsTHNDPS
NCr=NSC+1
SN TN 10

START TN PRNCESS FIN CARD
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CONTINUFE

CALL COEF12 (NTAP,IP1sNPBsNPZsDAY s TSECSKEY 4EDGEsDATUM KD sCSWaNSCAN
1)

PO 81 I=14NSC

NRT=NRT+NRPS(1)

NRT=TOTAL PHYSICAL RFCORD NEEDED FOR THIS RUN

TO PRFPARF FOR OUTPUT

NRL =NR| =NRT

IF (NRL)5N1 45024507

TO aTA®T WITH A NFw TAPE

EACH 2200 FEET TAPE WILL HAVE ,1680 PHYSICAL RECORDS

CALL COPY LATFER

REWIND NTP1

NRL=NRL+1680

GN TO 503

REWIND NTP14NTP2

FOLLOWING IS THE DATE OF THE LAST DATA OF THIS RUN
NDAY=DAY+TSEC/864004

NHO!JR=MODE (TSEC /36004924 )

NMIN=MODNF (TSFC/ANeshN)

SEF=MONF(TSFr 4604)

WRITE OUTPUTTAPE 64825 1YRsAMON9yNDAY yNHOUR sNMINSECHNSCoNDT oNRT
INRL

FORMAT ( 39ROLUINAR TEMPERATURE MEASURFMENTS FNDING sI1491XsA3513413,
15H HOURsI394H MINgF64295H SECs/TH COVER s1246H SCANSs15527H DATA P
20INTSe FOR THIS RUNsI3,29H PHYSICAL RECORDS ARE NEEDED./30H AFTER
3 THIS RUN THERE WILL BE s14,34H PHYSICAL RECORDS LEFT ON THE TAPE)
WRITE TAPE NTAP,LIST

END FILE NTAP

REWIND NTAP

CALL TFMPR2 (NTAP,IP1,NPBsNPZ DAY sKEYsTEMP,NTP1,BUFRyLBUFRY

11YR s AMON, IDAY)

CALL XIT

END
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* L1ST3

* LaREL

* SYMROL TARLF

CTEMPR?

C SURROUTINE TEMPR2 TO COMPUTE TEMPERATURE DISTRIBUTION OF MOON SUR-
C FACFe REVISFDN FROM TEMPR3JANG1966 RY Y.CeHU

SURROUTINF TFMPR2 (NTAPsIP1oNPByNPZ sNAYKEY s TEMPSNTP19BUFRsLBUFR
11YRZAMONS INAY)
COMMON RUCK 9ZFRO$RSICONINSEINSZ 9Y1151/19CsCToTIoGNsNK9yALAMBGELEMNT,
1C19029C2sPLANGWH2C yCAUSE 9CCEF 3 AVCIDC o IMAX9PRINEX9FIToLAMEND
DIMENSTON RUCK(20)9ZFRC(20)sNSBL29) sNSZ(20)
PIMENSTON Y11(200),4111(200)4C(20D)
RIMENSTON CT(20)9TI(2Ne2N)9GN(2N920)4NK(20)
DIMENSTON ALAMR(209) 4ELEMNT(200)9C1(2GC0)9C2(200)+C3(200)
DIMENSTON CST(34340)sF(340)45(340)
DIMENSTION BUFR(154133)9LBUFR(154133)
1F {KEY) G999,51n0,5200
C NTEM=NUMBER NF TEMPERATURES
1NN NTEM=324
R=?,3N2F~5
C TA=INITIAL TEMPFRATIRE-]
TN=RR& N
AMTARN=1,0F =£
C NTAP=LOGICAL TAPE NUMBER FOR TEMPORARY SCRATCH USE
FRASE RUCKsZFRO
2ZER=3H7FR
|Ur=2HRYC
C RZAD BUCKING SIGNAL CONSTANT IN COUNTS/MILLIMETER
READ INPUT TAPF 5,1n24+BSCON
1024 FORMAT (10X 4F1246)
M=%
NPR=T7
C RFAD INM TABLF OF RUCKING SIGNALS
1019 RFAND INPUT TAPE 5,10204TYPES(NSB(I)+3UCK(I)sI=NsNPB)
1020 FORMAT (A342X9e7({1341XsF5e6191X))
N=N4T7
NPR=MPR+T
2 IF(RUC/TYPEI1021+101941021
1071 TIF({NSR(NPB)) 1011,1012,1011
1012 1F(NPR=-1) 1013,1011,1013
1013 NPR=NPA-1
G0 TC 1021
1011 N=1
NPZ=7

C RFAN IN TARLE OF ZFRO SUPPRESSION VALUES

1022 RFAN INPUT TAPE 54,1N020eTYPES(NSZ(I)sZERO(I)sI=NyNPZ)
N=N+7
MPZ=NPZ+7

B IF{ZER/TYPE)1023+1022+1023

1023 TIF(NSZ(MPZ)) 1014,1015+1014
1715 IF(NPZ-1) 1Nn1641014,1016
1016 NPz=NP7-1

GO 70 1023

1014 ERASE SLAST

C READ RADIANCFS FROM PRE-COMPUTED TABLES

READ INPUT TAPESs1s(S(I)eI=14NTEM)
1 FORMAT (6F1246K)
CALL FAKIR(SsCSTeTOSNTEM)




9999

5200

111

200
201

4999

8nnn

30
35
7001

34

2000

637

45
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NTEV=NTEM

NTMI1=NTFM=1

READ IN THE ARRAY OF GAIN COEFFICIENTS
CALL GAINCIP1)

RETURN

REWIND NTAP

IP1=1P1+1

1=1

NFF=3HNFF

ERASF SAVFE

FRASF KOUNTsL sN9BUFR

M=124

READ TAPE NTAPsTSECsXTsETASAIRSALTOBSy ALTSOL»AZOUT 9PHASE sNSCAN,
1EDGEsDATUM4KND

NDAY=DAY+TSFEC/86400,

NHOUR=MODF (TSEC/36004 9244 )

NMIN=MODF({TCSFC/6049604)

SEC=MONF(TSFC+604)

1€ (OFF/ENGF)I11345637,113

WT=NAY+TSFC/86400N,

YP=C(KD)*(TSFC-U1(KD))+Y11(KD)

YR=VALIIF OF v AFTFR THE LINFAR ADDITION IS MADE

YB= (DATUM=-YP)

GENERATE THF FUNCTION F FOR EVERY TEMPERATURE AT THE GIVEN TIME
IF(AIR=SLAST)I200+4999,200

DO 201 K=14NTEM

F(K)=R*S(K)¥EXPF (—CST(3sK)*ATR** (CST(15K)*¥LOGLOF (AIR)+CST(2sK) ) ) ¥
1AMICRO

MICRO SCALES RADIANCESsSs TO WATTS PER CM*%2 RATHER THAN MICROWATS
<L AST = AIR

SIGNAL=YR¥GT ()T 1P1)

PO ARNOND K=1,NTEM

F{Kk)=F (K)+SAYyF-SIANAL

SAVF=STGNAL

SENSF LIGHT 0

DETFRMINZ SIGN CHANGE OF F

DO 2000 K=14NTMI1

IF (F(K)*F(K+1))30+32,2000

IF (SENSE LIGHT 2)35,34

WRITE QUTPUT TAPE 6,7001sUT

FORMAT (26HNADDITIGNAL ZERO FOR TIME=F10.46)
SENSE LIGHT 2

GO TO 2000

DFTFRMINF THF TFMPFRATURE BY INVERTING F
TL=F(K)

TR=F(X+1)

TK1=K

SENSFE LIGHT 1

SENSE LIGHT 2

CONTINUE

IF (SENSE LIGHT 1)45,637
TEMP==0,
60 TO 2005

XL=TK1+TO
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XR=XL+1,0

INVERT F BY 1JSING GENERAL FORMULA FOR REGULA FALSI
TEMP=( (XR*¥TLI)-(XL*TR)}/(TL-TR)

GO TO 2C05

TEMD=TFMPERATURE FNAR TIME UT
32 IF(F(K)Y)B244+8244823
6§23 TEMP=K+1

TEMP=TFMP+TQ

GN TN 2005

R24 TFMP=FLQATF(K)+TO
2005 1F (TSFC)I20B43N84301
301 KOUNT=KOUNT+]
L=L+?
M=M-=1
IF(KQUNT~1)302+302,303
302 N=NSCAN
NRITE PAGF HFADINA
WRITE OQUTPUT TAPEG6+888¢NSCANSAMONS IDAY IYR I YR ¢ AMON
SR8 FORMAT (1H1 910X e4THFPHEMERIS AND TEMPERATURF DATA OF LUNAR SURFACE,
124X o 4HSCANG TR 95X 3A3413415//

25Y 3 1THSCAN NATA T491XA347H 923X e 55HAIR ELEVATION OF EAR
3TH A72H, PHASTE TEMPERATURE /

46X 9 1NIHNO NOe D H M SEC X1 ETA MASS EART
5SH  SUN FROM SUN ANGLE DEGREE K /)

302 IF(N=NSCAN)30453054304
204 ERASE KOUNTsL

V=134

CALL WRITE LATER

GO T0O 301
305 IF(L-55)3074307+306

TITLF FOR FAcH PAGF OF PRINTED OUTPUT
306 WRITE QUTPUT TAPES488B¢NSCANSAMONsDAYSIYRs1YRAMON

ERAGF
307 WRITE QUTPUT TAPC6£3999sNSCANGKOUNT o NDAY s NHOURSNMINGSECeXIsETASAIR,

13LTORSGALTSOL 9»AZ0OUT PHASE 4 EDGESTEMP
999 FORMAT  (4Y21591X23134F6e291X2FTe49F94342X92FCel92FF4193X9A34F%.2)

STHORE QCUTPUT IN BUFFER AND THEN TRANSFER TO TAPE

EACH DATA GENERATES 15 WORDS OUTPUT, EACH PHYSICAL RECORD wlLL

HAYE 1935 WORDS CUTPUT OF 133 DATA POINTS.

LRUFR({15sM)=NSCAN

LBUFR{(14e¢M)=KOUNT

L2UFR(13,M)=NAY

LRUFR(12+sM)=NHOUR

LRBUFR(11sM)=NMIN

RUFR(10eM)=SEC

BUFR (9 4M)=X1

BUFR(3sM)=ETA

BUFR(7e¢M)=AIR

BIJFR(6+M)=ALTOBS

BUFR(54M)=ALTSOL

RIFR (G ¢M)=AZNUT

BUFR {3 ¢yM)=PHASE

BUFR (2 ¢M)=EDGE

BUFR(1yM)=TEMP

IF (M=1)3Nn8,308,111
308 CONTINUE



N

CALL WRITF LATER
M=134

GO TO 111

END
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LIST8
LABEL
SYMROL TARLF

CMOON3 REVISFD TO RE SURROUTINE OF LUNARe JANC1966 BY YeCoHU

C
¢

aNalateaNalakaNaNaNaNaRale e Nale Wale el

AN N""TYTA AN

1602
1601

PROGRAM FOR LUNAR COORDINATES WITH DIFFERENTIAL REFRACTION.

SURRCUTINE MOON3 (IYRsAMONDAYsTSECIKEYsSPOT+XIsETASAIR4ALTOBS

INFRAME ALTSOL 9AZOUT s PHASE 9 NSCANSFDGF ¢ DATUM)

DIMENSION ALPHA{500)+DELTA(500)sTSUBB(500)4S5(50)+PIE(50)sTSUBA(50)

XsDECODE(7)4RTCORD(20) o TSUBC(25)19EL(25)4BE(25)sCOLONG(25)9sSLAT(25),
XC(25)s TIME(Q0) s XIOBS{90) s ETAOBS(90) sDELTAT(1)» TOPDEC(30) sHAT(30)

DIMENSTION T{90)+H(90)+sD(90)sFRAME(9C)
EQUIVALENCF(YFARA,IYFARA)

TSU'BA IS ARAUMFNT FOR S PIE

TRRE 1S ARGUMENT FOR ALPHAGDELTA

TStIBC 1S ARGUMENT FOR PHYSICAL EPHEMERIS

ORNER INFUT PARAMFETERS AS FOLLOWSeesoo

FIRST TABLES MOON FOR 0 AND 12 HOURS EeTe
FORMAT —-- YFAR,MONJDATE+SEMIDIAMETFRsPARALLAX.

SECOND TABLFS HOURLY EPHEMERIS.
FORMAT —-— YEARsMON,DAY sHOURALPHASDELTA

THIXD TABLFS PHYSICAL EPHEREMIS
FORMAT —— YFARGMON,DAYsEARTH-S LONG4+LAT ey SUN=-S COLONG.+LATesPeA.

THEN <CAN NATAcseee
YEARyMON 4 DAY yHOUR¢MINsSEC(UaTe) s XI+ETA3SCAN NOos FRAME NO.

DATA DFCCODE{36HPLACE REFRACTABLEATABLEBTABLEC YoDELTAT(354)
PLACE = STATION COORDINATES.

REFRACTICN = WAVELENGTHS FOR DISPERSION.

TABLEA = SEMIDIAMETER AND HORIZONTAL PARALLAX DATA.

TABLEB = GEOCENTRIC LUNAR COORDINATES.

TABLEC = PHYSICAL EPHEMERIS.
PTINT = PHOTOGRAPHIC LOCATION CARD,

RLANK CARD <SIGNALS END OF SCAN,
DFLTAT IS FeTe-UaTe (SECONDS)
DIMFNSION SCALE(6N)
DATA SCALE(260H-1NnSFC -9 SEC -8 SEC
-7 SEC -6 SEC -5 SEC -4 SEC
-3 SEC -2 SEC -1 SEC -0 SEC+0

XSEC +1 SEC +2 SEC +3 SEC +4
XSEC +5 SEC +6 SEC +7 SEC

+8 SEC +9 SEC +10SEQ)
PLUS AND MINUS 10 SECONDS FOR GRAPH,
IF(KEY-1) 1601+4004,1602
IF(KFY=2) 40N NN45E2
CECTOz4 B5F-5
SECTM==SECTP
CALL SFT(39,X)
ERAGF XMONZNTBL sNORS »DNMI1
PIHLF=145707953
TWOP I =4 ¢ *PTHLF
DEGRAD=57,2957795
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PARSEC=DFGRAN*3600.
RALPH=PFGRAN*240,

C ——— RALPH CONVERTS SECONDS OF TIME TO RADIANS)
WRITFOUTPUTTAPF649

9 FORMAT (27HOL!INAR EPHEMERIS INPUT DATA)

c

10 REAN INPUTTAPFS5,45,CONF

5 FORMAT {12A6)

20 DO 1 1=1456

1000 IF(CODF-DFCONF (11114291

2 CALL RFREAD
GO TO(6004700+10042009300s3000) I

1 CONTINUE

WRITEOUTPUTTAPE6s4 +CODE
FORMAT (15HOILLEGAL CODE (A641H))
CALL RFRFAD
RFANINPUTTAPFS5,45, (RFCORD(I)s1=1412)
WRITFOUTPUTTAPEG 369 (RFCORD(TI)9I=1912)
FORMAT (16HNNDATA CARD FRROR/1HO»12A6)
CALL FXIT

STOP IF BAD DATA,

» &

e}

RFAN P ACF DATA,

READ INPUT TAPE 54,601 sPLACE1sPLACE2,(RECORD(I)sI=147)
FORMAT (6X92A6+7G)
(PLACF) 1S FOLLOWED BY STATION NAME (12 SPACES)s LONGITUDE WEST
IN TIME UNITSs LATITUDEs HEIGHT IN METERS,.
NO 602 I1=1,47
A0D CALL UNFIX(RFCORDI(IY)
HE TGHT =RFCORN(T)
FREQUFNCY608(1s0sNn)3s609(15040)
6N8 IF(ARSF{RFCORD(4))=90e)60953,43
609 IF(ARSF(RFCORND(1)1-244161093,43
610 K=4
DO 611 I=144
N=K /2
FREQUENCY 607(050,1)
607 IF(RECORD(N)*®#(604-RECORD(N)))1346124612
612 K=K+3
C N=2934596
A1 CONT INIIF
WLONG=(RECORD(I)*3600.+(RECORD(Z)*60.+RECORD(3)))/RALPH
PHI=(RFCORD(Q)*3600.+(SIGNF(RECORD(5)QRECORD(Q))*60-+SIGNF(RECORD(
X6) ¢RECORDI(41}Y))/PARSEC
C P41 IS ASTRONOMICAL LATITUDE.
SINPHI=SINF (PHI)
COSPHI=COSF (PHT)
I4=RECORD(1)
IM=RFCORD(2)
ID=RECORD(4)
IDM=RFCORD(5)
WRITEOUTPUTTAPE6+6034PLACEL4PLACE2 s IH9sIMyRECORD(3)1D91DMyRECORD (6
X)sRFCORD(T)
603 FORMAT (1H0+2A6/10H0 H M S/213+sF642912H We LONGITUDE/1HO2[39F541
Xs9H LATITUDFE/19HOFLEVATION (METERS)F640)
HELP=SQRTF(1e~e 0067226 7%*SINPHI*%#2)/(1e+1e567794E-T*RECORD(7))
RHOCOS=COSPHI/HELP

nNnNnooMNOnNnN
o O
—_ O
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RHOSIN=SINPHI #,99327732/HELP

ELFVATION CORRECTION IS APPROXIMATE BUT CLOSE ENOUGH.
ERROR 1S RELOW 1 ARCSEC FOR H BELOW 10 KM,
50 70 10

REAN RFFRACTION WAVFLENGTHS,

RFANINPUTTAPFS,47014PGLSIGL

FORVAT (2&)

~-REFRACTION- IS FOLLOWED BY PHOTOGRAPHIC AND DETECTOR

FFFECTIVE WAVELENGTHS (ANGSTROMS OR MICRONS).

CALL UNFIX(PGL)

CALL UNFIX(SIGL)

IF(PGL-10706)702+702+703

PGL=PGL /10000

CONVERT TO MICRONS IF IN ANGSTROMS.
IF(RIGL=100N)T704,TN4&,T05

SIGL=SIGL/10000,

DIGL=1,/PGL%%2

SIGLL=1e/SIGL**2

11&F FPLFN FNORMULA,
DNM1I=2¢94981F~2%( 16/ (146e~PIGL)-1e/(146ea—SIGLL))+2e554E-4¥(1a/(410
X=PIGL)-1e/ (4] e=SIGLLY)

DNM]=DNMI*EXPF(-HEIGHT/8C00,)

ASSIIME 8 KM SCALE HFIGHT

PIGL=DNMI*PARSEC

WRITEOUTPUTTAPEG6+710sPGLeSIGL,PIGL

FORMAT (1HO/24HOPHOTCGRAPHIC WAVELENGTH F643421H DETECTOR WAVELENG
1TH F7e3426H DIFFFRENTIAL REFRACTION F5e147H ARCSEC)
GN TO 10

TARLF A DAT2 -- DISTANCE DATA.

NSURA=NSURA+]

FREQUENCY 151(1,0,0)
IF(NSURA-50)1504150,10

READ INPUTTAPES,99 s (RECORD(I)sI=1s7)
FORMAT (1G+A3,419G)

YEARA=RECORD

FREQUENCY 1521(091,0)
IF{XMON-RECORD(2))5045101+50

ERASF NSURAZNSURB,,NSUBC

XMOM=PECORD(2)

aonoTN 20

FRFAUFNCY 1n1(0s5,1)
IF(NTBL-1)102+103,102
WRITECUTPUTTAPEG6 9104 s YEARA 9 XMON
FORMAT(17H3RADIAL FEPHEMERIS/1HOs14 41X sA4s5X12HSEMIDIAMETERSXB8HPARA
XLLAX/1X)

NTRL=1

DO 106 1=34762

CALLL UNFIX(RFCORD(I)Y)
WRITEFOUTPUTTAPES 91054 {RECORD(1}s1=3,7)
FORMAT(F10e19I89F742919sF8e3)

CALL UNFIX(RFCORD(4}))

CALL UMFIX({RFCORDI(6}Y)
S{NSUBA)=(60e*¥RECORD(4)+RECORD(5))/PARSEC
PIE(NSUBA)=(60e%RECORD(6)+RECORD(7))/PARSEC
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TSURA(NSUBA)=RECORN(3)
#%%x%% TABLE A ROwW DONE, ¥*¥**¥¥
G2 70 10
TARLE B -- LUNAR POSITION EPHEMERIS,

NSURR=NSIRR+]

FRENUFNCY 251(190,40)

IF(NSURP-50N)2504250,10

READ INPUTTAPF5,499, (RECORD(I)s1=1+10)

YEADR=RECNRND

FREQUENCY252(N5190)9201(151041)

1F (XMON=RFCORD (2115045201450

IF(NTBL=2)202+203,202

WRITECUTPUTTAPEG 2044 YEARB » XMON

FORMAT (//18H2ANGUL AR EPHEMERIS/1HOI441XA4s2X4HHOUR »4X5HALPHA14X5HD

XELTA/LX)

FORMAT (IS +16915s144FB8e3s17914sF7e2)

'\quL:Z

WRITECHTPIITTAPEG92054 (RECORD(I)91=3,10)

DN 2n6 1=3,410

CALL UNFIX(RFCORD(I)Y)

FRFOUFENCY 252(09041)

IF(RFCORDI(S)¥(24«~RFCORD(5)))3922049220

K=1?

00 210 I=144

N=K /2

TEST FOR RPOPER MINUTES AND SECONDS VALUES,

FREQUENCY 254(090451)9211(1+090)

IF(RECORDI(N) 1342114211

IF(RFCORDIN)-604)2124343

=K+

N=697p9910

CONTINUE
ALPHA(NSUBB)=((3600.*RECORD(5)+(RECORD(6))*6OQ+RECORD(7)))/RALPH
DELTA(NSUBB)=((3600.*RECORD(8)+SIGNF(RECORD(9)oRECORD(B))*600)+

XSIGNF(RECORD(10)sRECORD(81) 1)) /PARSEC

TSURB(NSURRB) =RECORD (3 )+RECORD(4) /24,
x¥%¥%% TABLF B ROV DONE. **%xx
GO TO 10

READ PHYSICAL EPHEMERIS.

NSHRC=NSURC+1

FREQUFNCY 351(140,0)

IF(NSURC-25)13509350410

REANDINPUTTAPF54399, (RECORD(I151=1+8)

YEARC=RECORD

FREQUENCY 352(0s1450)9301(19550)

IF(XMON~RECORD(2))509301+50

IF(NTBL-3)1302+303,302

WRITEOUTPUTTAPES6s304sYEARC ¢ XMON

FORMAT (//30H3GEOCENTRIC PHYSICAL EPHEMERIS/1HOI4s1XA6953HEARTH-S S

XELENOGRAPHIC SUN-S SELENOGRAPHIC PeAe OF/13X19HLONGITUDE LATI
XTUDFO6XTHCOLONG e 4X4HL AT« TX4HAXIS/1X)

FORMAT(I99F 11629F10e29F15429FBe29F1242)
NTR| =3

DO 10 [=448

CALL UNFIX(RFCORN(TY)
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3 WRITEOQUTPUTTAPE6+305+ (RECORD(I)+1=3,8)
CONVERT ANGLES TO RADIANS AFTER RANGE CHECKa
DO 311 I=4,8

3 IF(ABSF(RECCRD(I))~360e131143,3
FREQUENCY353(1+090)

1 RECORD(1)=RECORD(1)/DEGRAD
FREQUENCY 354(09091)4312(090s1)

4 IF(RECORD(6))343124212

2 IF(RECORD(8)13+313,4313

3 EL {NSURC)=RFCORD(4)

RE(NSURC)I=RFrORD(5)

COLONG (NSUBC)=RECORD(6)

SLAT{NSUBC)=RECORD(7)

C(NSUBC)I=RECORD(8)

TSURC(NSUBC)=FLOATF(RECORD(3))

GO TO 10

* % X6 %PHYSICA EPHEMERIS NOW HAVE BEEN FINISHE READIND

READ INPUT TAPES5,9001sBLANK

FORMAT (Ag)

RETIRN

o Mo
R e]

400 SFRIES PROCESS OBSERVED LUNAR POINT CARDS

0 IF(NOBS)34+420+902
R ERRRAERXED] ACE TNCONSISTENCY TESTS HERE 0933363 3 3 36 3 3 48 48 3 3 36 9 96 9 3 3 36 3 3 3% %
0 IF(YEARA-YEARB)43045401+430
1 IF(YEARB-YEARC14304402+430
2 IF{IYR-IYEARA) 430,403,430
0 WRITFOUTPUTTAPES 431 . )
1 FORMAT {3BH3TABLES DO NOT REFER TO THE SAME YEAR,.)
GN 10 2
403 TF(AMON-XMON)4354497,4435
435 WRITE QUTPUT TAPE6s436

6  FORMAT (27H4DATA REFER TO WRONG MONTH,}
6D TN 2
497 YEAR=FLOATF(YEARA)

IDAY=DAY

WRITE OUTPUT TAPE 6+421+NSCANsIYRsAMON,IDAY
421 FORMAT (20HI1LUNAR SCAN GEOMETRY»26X»&4HSCAN»15+30X1491XA3,13/

XTX918HUaTo FRAME +18X T5HH
XOUR ANGLE DECLINATION AIR ELEVATION OF EARTH AZIMUTH PHA
XSE  SCAN/21Xs3HNO,6X2HXISX3HETA30X4HMASSS5X40HEARTH SUN FROM
X SUN ANGLF NOe/16H D H M S)

ERASE NTBL

9N2 TF{NORS=IN)I40N4s11NnN41100
D0 WRITEOUTPIITTAPEG6s11n01
N1 FORMAT (44HOTO0 MANY DATAeee PROGRAM CONTINUES READING )
RETURN
ExEexeEREE ALL TIMES ARE DAYS AND DECIMALS.
*xxeexeA® ALl ANGLES ARE RADIANS.
4 NOBS=NNBS+1
MAKF SURE X! AND ETA WERE SCALED
CALL UNFIX(XI)
CALL UNFIX(FTA)
IF(ARSF(XTI)-1e)44604459445
445 X1=X1/1000.
446 TF(ARSF(ETA)=14)448e044T9447
447 ETA=FTA/100N,



448
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1004
410

412
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FRAME (NOBS) =NFRAMF
XTORS{NOBS)=X1I

ETAOBS (NOBSI1=ETA
UT=DAY+TSEC/86400,
TIMFE(NOBS)=UT
ET=DAY+(TSEC+DELTAT) /86400

ARGUMENT OF TABLES A AND B IS EeTes ARG OF TABLE C IS UeTe

TANGLF=642831852%MODF (UT e 1le)
AG=TABLE(ALPHA,TSURBR,FTyNSUBB)
NDG=TABLF(DELTASTSURB,ETsNSUBB)
SINDNG=SINF(NGR)

COSNG=COSF(NG)
HOT=TANGLE*1,00273791-WLONG-AG
Jnay=UT

HAGNAY =JDAY
HAG=SIDNEY (YFAR y XMON9yHAGDAY ) +HOT

——- SIDNEY GIVES SIDERFAL TIME OF 0 H UeT, IN RADIANS.
SINHAG=SINF (HAR)

COSHAG=COSF (HAG)
COS7G6=<INDG*#SINPHI+COSDG*COSPHI*COSHAC

FRFQUFNCY 10NnN4(NeNy1)

IF(CO0S7GI41Ns4119411

NORS=NARS-1
WRITEQUTPUTTAPEA 412 ,PLACE14PLACE2, (RECORD(T1)s1=1,+6)
FORMAT ( 22HOMCON BELOW HORIZON AT 2A6,1691X4A333F4e09F541)
GO TO 2

SINZG=SQRTF (14—-COSZG*%2)
PIG=TARLE(PIF,TSURA,ETsNSUBA)

SPIG=SINF(PIG)

STIGMA=PIG%XSTIN7ZG* ({1 e+e0168%C0SZG)

SIAMA IS TOPOCFNTRIC PARALLAXe.
STINQ=STNHAG*rOSPHT /STINZG
COSN={SINPHI-COSZ5*SINDG) /(COSDG*¥SINZG)
Q=ARTNF (SINN,CN<Q)
SEA=TABLE(CsTSUBRC,!IT4NSUBC)

AMC=0-SEA
BEG=TABLF({RF,TSUBCsUTsNSUBC)}
DL==SIGMAXSINF (QMC)/COSF (BEG)
TOPLNG=TARLF (ELsTSURCs»UTsNSUBC)+DL
TOPR=BFG+SIGMA*COSF (QMC)

TOPLNG AND TOPB ARE TOPOCENTRIC LIBRATIONS,
CL=COSF(TOPLNG)

SL=SINE(TAPLNG)

CB=COSF(TOPR)

SR=QINF({TNPR)
TOPC=SFA+DL*¥SR-SIGMA*SINQ*SINDG/COSDG

TOPC 1S TOPOCENTRIC POSITION ANGLE OF LUNAR POLE.

NOTE THAT I DEGRFEF OF LUNAR LONGITUDE OR LATITUDE = 15 ARCSEC ON
THE SKY. Nel LUNAR DEGREE = 145 SFC = 40016 IN LUNAR STANDARD
COORDINATES THUS +N01 ON MOON 1S ABOUT 1 ARCSEC OR 1 MILE.

1JSF NeAe AUXILTARY VARIARLESseese (FXPoSUPP4s Pe60)
AX=COSNGXSINHAG
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BX=COSNG*COSHAG-RHNCOS*SPIG
CX=SINNG-RHNCIN*SPIG
DX=AX*%#2+BX#%2
FX=QQRTF(DX+CX**#2)
SX=SQRTF(DX)
HTOP=ARTNF { AX4BX)
DECTOP=ATANF(CX/SX)
HTOP AND DECTOP ARE TOPOCENTRIC HOUR ANGLE AND DECLe OF CENTER.

TOPOCENTRIC LIRRATIONS AND PCSITION ARE NOW KNOWN.

FREQUFNCY 9NnT7(1454N1)

IF(SPOTIONL4905,49NnAK

XI=<qL*C8

ETA=SB

GO TO 905

SOLONG=PIHLF-TABLE (COLONG»TSUBCsUTsNSUBC)
SOLAT=TABLF(SLAT+TSUBCeUT 4NSUBC)
XTI=QINF{SOLONG)*COSF(SOLAT)
ETA=SINF({SOLAT)
ZETA=SORTF(1a=XI*#2-ETA%%*2)

CLOD=XI*SL+ZFTA*CL

CONVFRT TO RFCTANGULAR AXES TO OBSERVER AND LUNAP POLE.
X=XT*CL-ZFTA#SL

V=FTA*CR—CR%CLON

Z=ETA¥SB+(RB* 0D

NEXTs TRANSFFR ORIGIN TC CBSERVER AND ROTATE TO PUT X AND Y AXES
FAST AND NORTH, RESPECTIVELY.

COSC=COSF(TOPC)

SINC=SINF(TOPC)

R=3,670%FX/5P1IG

XP=-X*¥COSC+Y®*SINC

YP=X*#S INC+Y*C0SC

ZP=R=7

NOW RCTATE 7-AXIS DOWN TC EQUATOR.
SN=CX/FX

fN=SX/cX

BIGX=XP

BIGY=2P%SD+YP*(CD

BIGZ=2P*CD-YP*SD

CONVERT TC FQUATORTAL ANGULAR COORDINATES,

DAP=ATANF{(BIGX/BIGZ)
DELTAP=ATANF(BIGY/SQRTF(BIGX*¥2+BIGZ%%#2))
COLLFCT FOR MFANS,

HAT(NORS)=HTNP-DAP

SINDFL=SINF({NELTAP)

CNSNEL=CCSF(NELTAP)

CNSZT= SINDFL*SINPHI+COSDEL*COSPHI*COSF(HAT(NOBS))
AIQ=}../"OSZT

AIR=AIR*(1e—oCO12*(AIR¥AIR~1,.))

MAKF RFFRACTION CORRECTIONS,

CORRECT ONLY FCR ATMOSPHERIC DISPERSION.
RFFR=DNM1#AIR/COSNFL

AIR IS NEARLY SFC Ze.

HAT(NORS)=HAT (NOBS)-REFR*SINF(HAT (NOBS) ) *COSPHI
TOPNEC (NOBS)=NFL TAP+REFR*(SINPHI-COSZ2 T*SINDEL)
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STORE TIME (NORSsNSCAN) HAT(NOBSsNSCAN) AND TOPDEC{NCBSsNSCAN)

PREPARF FOR NUTPUT

IND=NAY+TSEC/86400,
IH=MODF(TSEC/3600 4924
IM=MODF (TSFC/6Ce 960, )
SEC=MONF(TSFCs604

HAH=HAT (NOBS)*RALPH/260C.
THAH=HAH
[HAM=ARGF (MONF (HAH 914 ) *¥60,)
HAS=ARGF (MONF (HAH*6N,91e ) *¥60,)
NEM=TOPDFC (NNRS) *¥NFGRAD
IDFE=PFC

IDM=ABSF (MODF(DECy14)%¥600)
DECSEC=ABSF (MODF(DF(*60e91e) %604}

FIND ANGLFS TO SUN AND OBSERVERs AND PHASFE ANGLE.

IGNORF SOLAR PARALLAX.
SOLONG=PIHLF-TARLE (COLONGs TSUBCsUTsNSUBC)
SOLAT=TABLE(SLATsTSURC,UT4NSIIBC)
COSOL=COSF(SOALAT)

COSLNG=COSF (SCLNNG)
XTSUIN=G INF (SALONGY*COSOL

FTASUN=SINF (SOLAT)
ZFETASN=COSLNG*COSOL
COS2=XI*XISUN+ETA*ETASUN+ZETA*ZETASN
CNee=rNSs7Z

SINS=SQRTF (14-COSS**2)
ALTSOL=DEGRAD*(PIHLF-ACOSF(C0SZ) )}
ALTSOL IS SOLAR ALTITUDE IN DEGREES.

NOW FOR ORSFRVER-< COORDINATES FROM POINT CN MOONe
FIRST GFT VFATOR (POINT-ORSFERVER) IN (XsYsZ) SYSTEM.

XNR&==Y
vNRcz-Vv
Z0R<S=2P

REMFMBFR THAT ZP=R-7,

NOW CONVERT TO DIRECTION COSINES.
CLOND=Z0RS*CR-YORS*SR

XTO=XORS*¥CL+CLOD*SL

ETAQ=YORS*(CB+Z0OBS#*SR
Z2FTAO==XORS*SL+CLON*CL

NORMALTZF,
CLON=SQRTF(XTO*XTO+FTAOXETAO+ZETAC*ZFTAO)
XIO0=XTn/CLOD

FTAQ=FTAQ/CLND

Z2ETAC=72FTAOQ/rLON
COS7=XT*#XIO+FTAXETAN+2ETA*¥ZFETAQ
CN&F=CNS7

SINF=SQRTF(1.-COSF*%2)

ALTOBS=DEGRAND* (PIHLF-ACOSF(C0OSZ))

ALTOBS 1S ALTITUDE OF OBSERVFR IN DFGREES.
COSES=XTO*XISUN+ETAO*ETASUN+ZETAC*¥ZETASN
PHAGE=ACOSF({COSFS)y*DEGRAD

AZOUT=ACOSF ((COSES—-COSS*COSE) /(SINS*SINE) ) *DEGRAD
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C NOw OUTPUT RFSHULTS FOR THIS FRAME, RRHE R RRXARRERR

WRITFOUTPIHITTAPE6 946993 IDs IHsIMySECoNFRAME 9 X1 o FTAS IHAH IHAMOHAS L IDEG
Xes IDMeDFCSFCIAIRHJALTORSyALTSOL yAZOUT o PHASE o NSCAN
499 FORMAT(I3y2!4’F7.2'16’F903’F8.3’2(159139F5.1)'F80392F801’2F1101l15

X)

RETURN
C
C********************l**********l*********i*****{***!lil’i{l"l’lll**{****
C NOW THE FUN REGINS $355335355555%
C**l***********************l************i*%********fl**l*llll*ll*l******
C
&0N  RFAN TNMPUTTADPES,90,cTFEP
C STED RFFFRS TO TRACF MODE ONLY.

WRITEONTPU'TTAPF6+542 yPLACEL1sPLACE2
542  FORMAT (1HO73X32HNOTF —-- —-EARTH- MEANS CBSERVER (2A6s1H))

FRAGF TRACFR

843 CODF=WORDSF (X)
FREQUENCY 1005(2241420)

1005 IF(CODE-SHTRACF)B544,45454544

545 TRACER=STEP
CALL UNFIX(STFP)
STEP=STFP/BE400
GO TO 543

544 IF(CODF)IS54N4541 4540

541 Cons=1H

540 FRASF TMFEANSHATMEN,DTMEAN
DO 501 1=1,N0OBS
TMEAN=TMEAN+TIME(T)
HATMEN=HATMFN+HAT (1)

501 DTMFAN=DTMFAN4TOPDFC( 1)
N8SNO=NOBS
TMEAN=TMEAN/DBSNO
HATUMFN=HATMEN /ORSND
DTMEAN=DTMEAN/DRSNO

C NOW WE HAVF MFAN TIME, HOUR ANGLE, AND DFCLINATION,
TH=MODF(TMFANs1,) %24,
IM=MODF (TMEAN%244414 ) %60,
SFC=MODNF(TMFAN*1440491e) %60,
DELTA=PTMFAN¥DFEGRAN
IDFG=DFLTA
IDM=ABSF(MODF(DFLTAs141%606)
DFCSFC=ABSF(MODF(DFLTA%¥60e91,) %604
HA=HATMEN*RALPH/3600.
THAH=HA
THAM=ARSF (MODF (HA,1,) %60}
HAS=ARSF(MONF (HA¥60,91a) *¥60,)
T=TMFAN

ET=0)T+NELTAT /86400,
TANGLF=642831853%*MODF (UTsle)
AG=TABLF(ALPHAsTSURR,FTs+NSUBB)
DG=TABLE(DELTAs TSURBETsNSUBBI
SINDG=SINF{DG)

COSDG=COSF (DG}
HOT=TANGLF#%1,00273751-WLONG-AG
JDAV=UT

HAGDAY=JDAY
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HAG=SINNEY (YFAR y XMONsHAGDAY ) +HOT
SINHAG=SINF (HAG)

COSHAG=COSF (YAG)
COS7G=SINDG*SINPHI+COSDG*COSPHI*COSHAG
SINZG=SQRTF (14~COSZG*%2)
PIG=TARLFE(PIF,sTSUBA,ETsNSUBA)
SIGMA=SPIGH*SINZG*(14+40168%C0S2C)
SINQO=SINHAG*COSPHI /SINZG
COSQ=({SINPHI-COSZG*SINDG)/(COSDG*SINZG)
Q=ARTNF (SINQ,COSQ)
OMC=Q-TABLE(C»TSURC,UTyNSUBC)
BEG=TARLE(BF,TSUBCsUTsNSUBC)
DL=-SIGMA#SINF (QMC) /COSF (REG)
TOPLNG=TARLF(ELs TSURC yUTsNSUBC)+DL
TOPa=BFG+SIGMA*CCSF (QMC)

XI=SINF{TOPLNG)*COSF(TOPB)

ETA=SINF(TOPR)

X1 AND ETA ARE TOPOCENTRIC DISC CENTER.

SOLONG=PIHLF-TARLE (COLONG,sTSUBCsUT s NSUBC)

SOLAT=TABLE (SLATSTSIIBCyUTHNSUBC)H

XTSUN=SINF { SOLONG)*COSF{SOLAT)

FTASUN=SINF (SOLAT)

WF NOW HAVE COORDINATES OF SUBSOLAR POINT.

WRITEOUTPUTTAPEG 5054 THy IMySECsXTSUNJETASUNsXIsFETAy THAH, THAMsHAS,
XINDFG s INMWNFCSFC

FORVAT ' {1HO/1H&15X24HCOORDINAT
XES AT MID-SCANs2I133F5els5H UeTe/1HO5X32HSUBSOLAR POINT CENTER O
XF DISC6X23HHOUR ANGLE DECLINATION/8X2HXI6X3HETATX2HXI6X3HETA/46X7
XHH M  S6X8HO = ——/2X32(F10e3sF843)93X92(I5+139F5e1))

NOW FIND HeAe AND DECe PREDICTION LAWS.

FRASE DHDT,,NNDT
FREQUENCY 1006(051,10)
IF(NOBS-115n74550,4510
550 1S PROCFSS BLNCK.
WRITFOUTPITTAPES,5508
FORMAT (36HNDATA FRROR —- NO FILMS BEFORE SCANe)
GO T 3
NORMALIZFE VARIABLFS.
DO 511 I=1,NOBS
TCI)=TIME(T)-TMFAN
H({1)=HAT(I1)-HATMEN
D(1)Y=TOPDEC(1)-DTMFAN
WITH MEANS REMOVED, LINEAR FCNSe MUST PASS THROUGH (0,0)e
SEF WHFTHER FITTING MCDE IS SPECIFIED ON - S/D - CARD BEFORE DATA.
CARD MUST HAVF,s RFGINNING ON OR AFTFR COiLe 7 eeee
SCAN -— FOR MOVING TELESCOPE.
PRIFT -- FOR TELESCOPE FIXED.
IF NEITHER IS SPECIFIED, PROGRAM WILL MAKE UP ITS OWN MIND.

1IF(CODF-5HPRIFT)530,5154530
DIMFNSTION REJ(90)
530 1S LINFAR FITy 515 1S FIXED FIT,

NOW DO LINFAR FIT,
ERASE TSQsTHsTD
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N ®2) 1=14NARS
TEQ=TSN+T (]} %%2
TH=TH4T(TI®H(])
TR=TD+T(I)I*¥N (1)
NDHNAT=TH/TSQ
DONT=TN/TSQ
DO ®32 I=1,NNBS

RFOUCF H ANND D TO RFSIDUALS,
HT)=H{I)-DHDT*T(])
DIIY=D(1)-DDDT*T(I)

GO LCOK FOR BAD DATA.
FRASF SUM,VAR
TOL=2345F=-1n

TAL = (10 ARCSFC) SQUARED,
DO Rr16 I=71NORS
HIT)Y=H{TI)Y*COSF(TOPNFC(I))
CONVERT RFSIDUALS TO ARC SECONDS.
REJII)=H(T)%%24D(] Y %%2
IF(REJ(INI-TOLIS1T45179516
VAR=VAR+RFEJ(I])
POINT 1S ACCFPTFD,
FRASE REJ(I)
SUM=SUM+REJ(T)
FREQUENCY 1008(0s2Nn,1)
IF(SUM13,51B,4519

RFJECTION HFRE,
FRACE TOL
DO 820 1=14MDBS
IF(TOL-REJ(1)11521,520+520
TOL=REJ(])
LOP=1
CONTINUE

LOP 1S NOW INDEX OF WORST POINTe.
HILOP)=H({LOD ) *#PARSFEC .
D{LOPY=D(LOP)*PARSFC(C

FONVERT OFFENNFRS TO SECONDS.
WRITEOUTPUTTAPE6oSZZ,FRAME(LOP)oH(LOD)’D(LOP)'CODE

EORMAT (13HNRFJECT FRAMFFS5,046X22HERRORS IN HeAs. AND DEC/30X2F8e1,

Y4XBHARMSFCAXAL )
DO ®23 I=LOP4+NORS
TIMF(IY)=TIME(I+])
X10RS(1)=XIORS(I+1)
ETAOBS(I)=FTAOBS(T1+1)
TOPNEC(1T1=TOPDEC(I+1)
HAT(1)Y=HAT(I+1)
FRAME(TI=FRAME(1+])
NORS=NNARS-]
GO TR 8L

IF(NHDT*#*24NNDT*#*#2)15015150051501
HRATE=DHDT#RALPH /864000
DRATF=NDDT#PARSEC /86400,
WRITEOQUTPUTTAPE691502 yHRATEZDRATE

FORMAT (26HOMOTION PFR SECOND OF TIME 19XF7,392H SF1343s7H ARCLEC)

STAR=SQRTF (VAR/OBSNO) *PARSEC
SINDEL=SINF(DTMEAN}
COSNHEL=COSF(DTMEAN}



824

526

aNaKs!

550
5e1

852

5873

555
560
61

825

C

-66-

COS?T=SINDFL*SINPHI+COSDEL*COSPHI*CCSF(HATMEN)
REFR=DNM1/(COSDFL*CNSZT)
RFFRH=—RFFR*SINF (HATMEN) *COSPHI ¥RALPH
REFRN=RFFR* (S INPHT-COS2T*SINDEL) *PARSEC
WRITEOUTPUTTAPFE 524 yRFFRHyRFFRD9STARCODF
FORMAT (36HODIFFERFNTIAL RFFRACTION CORRFCTIONSSX2F13,1/

28HNReMeSe RFSIDUAL TN POSITIONF542,132H APCSFC FROM A6/2(1H

X0/1 4s51HORFSINUALS IN HeAs (H) AND DFC (D) ARF ON NEXT PAGE)

TEDGE= 4 0C5* (T(NORS)=T)
XLO=T-TEDGF
XHI=T{NOBS)+TFDGE

NOW CHFCK FOR NEGLIGIRLE RATES.

IF(CODF=-6H 156095519560
IF(NORQ=2)557 48524553
FORCF DRIFT-CIJRVF FIT FOR TwO OR FFWFR POINTS.
CONF=5HNRIFT
GO TO 8R40
FREAUENCY ©552(1,40,20)
IF(PHDT*¥2+NNNT**¥2 -y AR/ ( (OBSNO-14)%T7SQ) 155295529555
NOW PROCFEN TC GFNFRATF EPHFMERIS,.
CODF=4HSCAN
WRITEQUTPUTTAPEAR 561 ¢yNSCANCODESNOBS
FORMAT (19HOEPHEMERIS FOR SCANI4s15H THEN WILL USE A6, 15HMETHOD BAS

XFN NNT2,9H  POINTS,)

CALL LIMITS(XLOsXHI4SECTM,SECTP)
N0 525 1=14NNES

CALL POINTSIT(IN4H(TY 1)

CALL POINTS(T(I)sDI(T1) 13}

CALL GRID(T,T(NORS)-TSECTM,SECTP)
CALL GRAPH(ScCALE)

C********************************%*********************{***l****i*******

C

NOw RFAD DATA AND GENERATE EPHEMERIS.

*****************************************%***********%*********I*******
C

q

1n1n

g80n

’05

anl

CERACE KNUNT

FREAUFNCY 101N (141N,

TE(TRACFR)IBNANG5K9,8nN

SIMIILATF CARPS VIA TRAZE OPERATIONS.
QPIIMON=4T7434 B9 /PARSEC

MF AN MOATION NF MOON, RADIANS PER DAY,
HRATF=NHDT—(TWNP I -SPIIMON¥* 4,916/ (COSF(NTMFANY ) *¥*2)
LAST TFRM IS SINFRFAL MOTICN IN Re.A,
DRATF=ARSF(DNNDT)-ARGF ( SPUMON*SINF (ABSF(DTMEAN)—4410))
ADOPT SLOWEST RFEASONARLE RATE.

HRATE AND DRATF ARF NOW MOTIONS OF TELESCOPE RELATIVE TO MOON.
SPEFN=CQRTF (HRATF#%*2+DRATF¥%2)

UT=11T=4011/SPEFD

LUUNAR NIAMFTFR NFYFR EXCEEDS o011 RANTAN,.

THIIQGRACK tIP AT LFAST ONE DIAMNETER TO START TRACE.
NT=NT+CTFP

STED 18 INCRFMFNT FOR TRACF PROCEDUTF.

JDAY=UT

NHNIIR=MODF (11T 914 ) %24

NMTIN=MODF (T *¥24 491 4)%AN,

SEC=MONF{UT*1440441,4) %60,
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HAGNAY = JDAY
C SET (1P FOR SINNFY,
WRITEOUTPITTAPES4BKT 4NSCAN9CONDESNORS 4 YEARA , XMON
B61 FORMAT (20H1TRACF RASFD ON SCANT448Hs USING A6+15HMETHOD BASED CONI3
XeTH POINTC /1HNT1443XsA044HULTL22X3HAIR5X26HELEVATION OF FEARTH

XAZIMUTH PHASE/24X6NHX] ETA MaSS EAPTH SUN FRO
XM SN ANGLF /16H D H M S)

C TITLE HEADINA FOR TRACE MOQOOD NOW DONF
GN TO R70

C TRACE ROUTINF SKIPS READ SECTION.

562 NUT=NAY+TSFC/86400,

870 ET=UT+NELTAT/B640N,
TANGLF=642831883#MODF (UTsle)
AG=TABLE(ALPHAZTSUIRB4ET 4 NSUBRB)
DG=TARLE(NFLTASTSURRZFT4NSURR)
SINNG=QINF(NG)

CNENG=COSF (NG
HOT=TANGLE%*1,N0273791-WLONG-AG
JDAY=UT

HAGNAY=UDAY
HAG=SINNEY(YFAR 4 XMONy HAGDAY)+HOT
SINHAG=SINF (HAG)

CNHSHAG=COSF (HAG)
COSZ2G=SINDG*SINPHI+COSDG*COSPHI#COSHAG
SINZG=SQRTF (1¢~-COSZG%%2)
PIG=TARLE(PIF,TSUBA,ETsNSUBA)
SPIA=CINF(P1AR)
SIGMA=PIG*¥SINZG*(14+,0168B%C0O0SZGY
SINQ=SINHAG*COSPHI /SINZG )
COSN=(SINPHI~COSZG*<INDG)/(COSDG*SINZG)
N=ARTNF(SINDLCNSQ)Y
SEA=TARLF (C o TSURC,,1IT4NSUBC)

QMC=Q-SFA
REG=TARLE(RE,TSUBC»!JT sNSUBC)
DL=-SIGMA®SINF (QMC) /COSF{BEG)
TOPLNG=TARLF(EL ,TSURC»UTsNSUBCI+DL
TOPR=BFG+SIGMAXCOSF (QMC)
CL=COSF(TOPLNG)

SL=CINF(TOPLNG)

CRzrNSF(TOPRY)

SR=QINF(TOPR)

TNPC=GFA+DL #¥cR-SIGMAX*SINQ*SINDG/COSDG
AX=CNSNGRSINHAG
BYX=COSDG*COSHAG-RHOCOS*SPIG
CX=SINNG-RHOSIN*SPIG

NX=AX%*%2+BX%%2

FX=SQRTF(DX+OXERZ

SX=CSQRTF (DX}

HTOP=ARTNF (AX4BX)

NECTOP=ATANF(CX/SX)

C TOPNHCENTRIC LIBRATIONS AND POSITION ARE NOW XKNOWN,
T=T~-TMFAN
HASHATMENANHAT ST

DFA=NTMFANSANDT % T

C NOW HAVE TOPOCENTRIC HA AND DEC OF SCAN POINT FOR GIVEN TIME,
DA=HTOP-HA
C DA 1S RA OF POINT MINUS RA OF LUNAR CENTER,

R=2,67N*FX/SPIG
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CNFEC=COSF(NFC)

BIGX=SINF (DAY *CDFC

QIGV=SINF(NFC)

RIA?=COASF (DAY XCNFEC

NOW HAVE DIRFCTION rOSINFS RFLe TO LUNAR MFRIDIAN AND CFlLe FQUATOPR.
SN=rX/FX

FR=QY/FX

XP=RT1GYX

YP=RIGY*CD-RTGZ*SD

7P=RIGY*SN+RTGZ*CH

NOw HAVE Z-AXIS ROTATED TO LUNAR CFNTER.

NOW SFT 7P=R,

Z1P=R/7P

XP=XP%? 1P

YP=yP*7 1P

7P=R, RUT CARRY MFNTALLY.

COQr=COSF(TNDC)

SINF=CINF(TNPC)

ENAC=TH

X=YO¥S INC-XPxCNSC

Y=XP*SITNC+YP*(CORC

2=R=7P=0.

WFE NOW HAVF AXFS IN MOON, DIRECTED TO LUNAR POLE.
NOW CORRECT DISTANCE TO POINT.

RIM=X®X+Y*Y

RSN=R#*R

RAT=RIM/RSQ

RAN=(RAT+) ,—RTM) /RCN

FREAUFENCY 1012(19Ns20)

TE(RPANYRHL 4 8RR 4 REA

ENARE=3HOFF

IF(TRACFRIB1INGS65,810

NN CNRRFCTINN TF NOT CN MCON,

IF(KOUNTI3 48054569

TRY NEXT POINT ON TRACE IF OFF MOON, UNLESS DONE.
CORRECTION IS DIFFFRENTIAL BECAUSE R=200.
NELTA=RAT4HSARTF (RAN)

WOUIND=1 ¢=DELTA

X=X #WOIND

Y=V #WOULIND

7=P#NFEL TA

SLND=X%¥X+Y %V 7 %7 =],

FREAUFMCY 1N14(1N004Ns1)
TF(ARSF(SLOP)=24.E~4156545674567

SLOP=SORTF (1.+SLOP)Y=-1,
WRITFONTPUTTAPFG6 3568 ¢ NDAY s NHOUR SNMIN,ZSECs SLOP
FORMAT (134214 9F742s4X30HPOINT MISSES LUNAR SURFACE By E9e2)
KOUNT=KOUNT+1

FREQUENCY 1Nn15(1410,41)

IF{TRACER)BN5+591,805

CLAN=2 *CR-Y*<CR

XT=x*¥CL +CLON*ST,

FTA=YXrR4L7 %R

7ETA=CLONDHCL -X*SL .
PREPARFE FOR ONLTPHIT,

COS7T=CINF(DFCY*¥SINDHI+COSF(DEC)*COSPHI*COSF(HA)
AIR=14/C0S7T

ATR=AIR* (1 4~eNTU12¥(ATR*AIR~1,))
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FREFOUENCYINIA(142Nn9N0)
IF(EDGF/606N60606Nn6N157595804575

FRACF ALTORSGALTSNL4A7O0UTPHASF
GO TN sQn

NO FURTHFR RESiIHLTS IF OFF MOON,

SN ANG=PIHLF-TARLF{COLONGs TSUBC,UT oNSURC)
COLAT=TABLF(SLAT+TSUBCHUT #NSUIBC)
COSOL=COSF{SNLAT)
COSLNG=COSF (SOLONG)

XTI SUN=CINF (SOLONG)*COSOL

ETASUN=SINF (SOLAT)

ZETASN=COSLNG*COSOL
COS7=XT*XISUN+ETA®FTASUN+ZETARZETASN
coss=C0S82

SINS=SORTF (1 ,~CNSSH%?)

AL TSOL=DEGRAN* (PIHLF~-ACOSF(COSZ))

ALTSOL TS SOLAR ALTITUDE IN DEGREES.

NOW FOR CBSFRYFR-< COORDINATFS FROM POINT ON MOON,
XNAC=-Y

YORK==Y

20R8=R-2

NOw CONVERT TO DIRECTION COSINES.
CLON=7Z0BS*CB~-YOBS*SA

XI10=XORS*CL+CLOD*SL

ETAO=YOBS*#CRB+Z0OBS*SR
ZETAD=-XOBS*#SL +CLOD*CL

NARMAL TZF,
CLON=SORTFIXIO®XIO+FTAOXETAQ+2ETAO#*ZFETAD)
XI0=X10/CLON

FTAN=FTAQ/CLON

ZFTAO=2FTAQ/rLOD
CORZ=XT*XTO+FTA¥ETAQ+ZETA%ZETAQD
CosF=C0S2Z

SINE=SQRTF(1,-COSF#%2)
ALTORS=DEGRAD*(PIHLF-ACOSFI(COSZ))

ALTORS 1S ALTITUDE OF OBSERVER IN DEGREES.
COSFS=XTORXTSUN+ETAO*ETASUN+ZETAO#ZETASN
PHASF=ACOSF({rOSES)Y*DEGRAD

AZONT=ACOSF( (COSEc-COSS*¥COSE) /{SINS*#SINE) ) #DEGRAD

FONTIMIE
IEF(TRACFR)B9?2 4,591,892
WRITE QUTPUT TAPE6 3599y JDAY JNHOUR ¢NMIN,SEC XTI +ETASAIRJALTOBS,

XALTSOL yAZ0UT4PHASE 4FDGE

FORMAT (1342149FTa2sFFe39FB8e29F9e352FB19F11615F1364192XA6)
GO TO 805

ERASE NOBS
RETHRN
TO READ NEXT DATUM,

END
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SUBROUTINF TO COMPUTE. COEFFICIENTS OF YBAR

COFF12 IS

SUPFRYISED BY MAIN PROGRAM LUNAR

COEFI2 GFNFRATES THE BASE LEVELS FOP TEMPR?

SURROUTINF COEFT2 (NTAP s IP14NPByNPZ DAY ¢ TSFC4KEY s EDGE9WDATUM KD »

17N NS AN)

COMMON RHCK,7FRO.P§CON9NSB,NSZaYlloUloCoCT.TIcGNoNK,ALAMBoELEMNTy
1CloCZ.(?oPLAN,WH?O.CAUSE’COEFoAVOID(,IMAX,PRINEX.FXT'LAMEND

NDIMENSTON
NIMENSTON
NIMENSTON
DIMFENS TON
DIMENSTCON
IF(XFY=2)

QUIFK (20) 9 ZFRO(2N) 4 NSRB(20) 4NSZ(20)
V11(200),111(27C)+C (200}
CTL29)9T1(2092C)sGN{20+20) 4NK(20)

ALAMB(20N) 3SLEMNT(20C)9C1(200)9C2(200)9C3(200)
TSECLI(120)sY1(120),TSEC2(120)sY2(120)

BN4e6N1 4601

TF(rSWY 67 24A03,46N02

CQuw=1,

TTT=TIME RETWFFN OFF READING AND EDGE OF THE MOON FOR WHICH THE
VALNIE OF Y DNFS NOT ENTER THF CALCULATIONS OF THE COLFFICIENTS,.

TTT=3,

REWTINA NTAD

FRAGFE ACSW,

NETERMINF

OF 2UCKING

RCH T g JaMgAT T 3 AT23AY19AY2 JNSCT
IF THIS 16 A NEW SCAN AND SELECT THE VALUES
STGNAL AND ZERO SUPPRESSION

NT=NAY+TSEC/R6400,
IF(NSCAN=NSCT)I1IN37 42104041037
ERASE RSs7S

TFST FOR

RUCKING STGNAL

DA 1030 IB=1,NPR

1F (NSCAN-

CONTINNF

GO TN 1033

NSR{T13)11n3n,1031,1030

Re=alICK (IR)
TEST FOAR ZFRN SHIPPRFESION
NO 10372 17=14NPZ

IF (NSCAN-

CONTINUE

GO TO 1035

NSZ(12)111n3241034,1032

2S=7ERN(IZ)

€5=n.25

NQCT=N<CAN

DATIIM= (DATUM=2S ) *C S=BS*BSCON/GT(UT,,1P1)

€< TRANSFORMS Y-DFFLECTION IN COUNTS TO MILLIMETERS
NAW TEST OFF /0N #NNN CONDITION
IF(FNGE/6NANENENENANYIT 9281

IF(ASWIANT 4 1NT 4401

START WITH FIRST OFF LIMB GROUP, I 1S5 THE CNHUNT

I=141

TSEALIT)=TSFC
Y1(1)=DATUM

GNH TO 900

IF(PSW)I501453,5M
TF(MCIZ20142N0149N0

.
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GENFRATE U1 AND Y1 OF LEFT SKY LEVFL
FT1=TSFC

IF (TSEFCI(I)=(ETI-TTT)) 20442044203
I=1-1

GO YC 202

DO 205 1A=1,1
AT1=ATI+TSECI(TIAY*Y1I(IA)
AYT=AY14+YI(TA)

KN=KD+1

Ul (KD)I=AT1/7AYY

21=1

Y11(Kkny=AVY1 /71

A9w=l.

MC=1

ERAGE WC

GO TO 500

NOWw WITH SECOND OFF LAMB GROUP, J IS THE COUNT
TF(NCY 40344024403
ET2=TSFC+TTT

NC=1
IF(TSEC-FT21900,4,4n4,404
J=J+1

TSFC2(J)=TSFC

Y2 (JY=NATUWM

BSw=1

IF{J=1) 9N0+900+405

GAP=TSFC2(J)-TSEC2(J~-1)}

IF({GAP~-1800.) 900,406,406

J=J-1

GO TC 504

NOW GENERATE 12 AND Y2 OF RIGHT SKY LEVEL
ET3=TSFC

IF (TSFC2(J)—-(ET3-TTT))504,504+503

J=J-1

GO TO BN?

N BEN8 JA=1,4

AT2=AT2+TRFEC2(JAY#Y2 (JA)

AY2=AY24Y2(JA)

J2=AT2/AY2

Z2Jd=J

Y2=aY2/2J

C=SLOPF BFTWFEN LFFT AND RIGHT SKY~-LEVEL DEFLECTIONS
C 18 IN COUNT PER SFCOND
CIKD)I=(Y2-Y11{(KD}}/(U2-UL(KD))

NOW FOR THF MEXT SLOPE
IF{RAP=~180N,15064507,507
KD=xNH+1

11 (eDY=U2

Y11(KDy=Y2

ERASE RSWels2T25AV2,4,NC

RFETURN

1=1
TSEC1(1)=TSEC
Y1t1)=nNATUM




FRASGF
anNn RFETHURN
FMA
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* LISTR

* LARE(

* SyMagl TARLF

CGAINS

C SHRRCUTINE TN COMPNTE GAIN COEFFICIFNTS

SUIRROUTINFE GATIN(IPY)

COMMON BUCK 47EROSBSCONSNSBaNSZ Y11 4111 9CoCToTIsGNoNKsALAMBIELEMNT
1C19C29C3sPLANSWH20sCAUSESCOEFLZAVOINC,, IMAX 4PRINEXSFIT,LAMEND
DIMFNSION RUCK{20)47FRO(20)YsNSB(20)+NS2(20D)

DIMFENSION YI1{(200)sU41(200),C(200)

DIMENSION TI(20 420)oGN(20 920),NK(20),4CT(20)

DIMENSTION ALAMBI{200) +ELEMNT(2001sC1(200)+C2({2001+C3(200)

C CT=ARRAY OF TIMES AT WHICH MANUAL TIME CHANGE WAS MADE
ERARE cT(1)
J=1 SG4
FINALTI=6HFINALT
CHANGF =6HCHANGF 5G6
FRASF T ,NK,1P SG7
4 1=1+1
5 REAN INPUT TAPF 5,50, CARDJNDAY ¢JNHOUR ¢NMIN4SECGA S5G1n
50 FORMAT (A6 43133F6e24F10eé) SG11
HOIP=NHOLR SG132
DAY=NDAY 5G12
AMIN=NMIN 5Gl4
UT=NAY+(HOUR/244,)+(AMIN/1440,)+(SEC/B6400,) $G15
2 IF (FINALI/CARD)IG6,41046
2] 6 IF(rHANGF/CARN )T 49,7 SG17
C GN=ARRAY OF GAIN VALUES
T GN(T4J)=0GA ) SG1le
TI(TJV=UIT SG19
NK(J)Y=NK(J)+1 SG9
Tl fa I en2n
9 J=J+1 SG21
ERASE T,NK(Jy
I1=1+1 $G23
C IP1=NUMBFR 0OF CHANGF CARDS
IP1=1P1+1 SG24
NK({JY=NK{J)+1 5G25
TI(T4JY=UT SG26
CTiur=uT SC27
GN{(T+J)=GA SG28
GO TO 4 5G29
10 RETHRN SG30
) $G21
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LISTS
WL

CFAXIR

C
C

N a

SURROUTINE FAKIR(RADZCSTeTOWNTEM)

SURROUTINES INCLUDFD ARE RREW;ANDY.ICE’HIPLOToFRENCHgEPR169:ISIMEO

REVISEN 3/1n/s65 TO DO PARABOLIC FIT TO TRANSMISSION LAW

COMMON PUCK.ZERﬂyﬁcCONoﬂSR’NQZ9Y119U1,C9CT,TI9GN;NK9ALAMB¢ELEINTo
lClsf2g(3yPLANoWHZO,FAUSEoCOrFoAVOIOC.IMAX;PRINEX;FIT,LAMEND

NIMENQTON BIEK (20) 47 TRO(20)4NSR(20) 4MS7(2N),Y11(207),U1(200)

DIMCNSICN f(7“”)’fT(Zﬁ)9TI(2”920)$GN(20,20).NK(ZO)

DIMENSTON ALAM?(Zhﬁ);ELEMNT(ZOO)QCl(20”)’C2(200)9C3(200)

DIMENGTON ALAMDA(20N) o TAL(2NN) SEZ2{1N) yFLAM(200)sF({2G0)}

DIMFNSTION ICFET (S S(B0,1N)+ARG(200) s TEM(5D)

DIMFNSTON PTRAN(DN,L10)

DIMENSTION XT(20) PARAM(3950)cPOWER(SoSO),AMAT(505)’X2(20)

DIMFNSION RAN(347)4C8T(34347)

PLANCKF(AyT)=1.1906AE10/(A**5*(EXPF(1.43879E+4/(A*T))—1.))

CONTROL CARD, WH2Nn IN MMe. OF WATER,s PLAN TELLS WHAT MODEL 7190

CHCOSE FI1T=nI€ OR LIN FOR INTEGRATICN, NGRAPH=1 TIF WANT NO GRAPHS

WHGATF = MM, CF H20 THAT GCATES HAD

N&E=(+4HSKIP)

QL=(+3HLIN)

FLORT=?4302585

RFAD INPUT TAPE 5473 WH2O s WHGATE sPLANGFIT s SKIP

FORMAT(2F5429A59A3955XA4)

TRAGE PRINEX

CONTINUOUS ARS, PARAMETER, IGNORE ONLY IF AVOIDC=NOT,

1F WATER 15 THE CULPRIT PUT CAUSE=H

READ IMPUT TAPE 5,11sCAUSESCOEFAVOIDC

FORMAT (ALl 355 a546TX9A3) '

WRITFEF OUTPUT TAPE 6949NH20,PLAN;CAUSE9COEF,AVOIDC9FIToWHGATE

FORMAT (18H1ARS, PROGRAM FOR ¢F542919HMM, OF WATER USING A5,5H MOD
1FL/24HACONTINUOUS ARSe DUE TO Alsl12H WITH COFFe=Fbe4ebH WILL 943,48
24 BE HEFD/SHNAFIT=4A3/10HOWHGATE = 9F562)

IF(SKIP/QS) 184171418

INPIIT OF BAND ARSORBTION CARDSs UP TO 270 ALLOWEDs BLANKS=-0.

ELEMENT BY FIRST LETTERs ADD le TO COEFICIENT PREFERRED

ne 29 1=14200

READ INPUT TAPE 5;219ALAMB(I)9ELEMNT(I)9C1(I)9C2(I)’CB(I)oJEND

FORMAT (Fbe3s1XsAlslXs3F10e5439Xs11)

IFLJIND) 29529916

IMAX=1]

GO TGO 22

CONT INUE

WRITF QUTPUT TAPE 6,230(ALAMB(I),ELEMNT(I),Cl(I)oCZ(I)’C3(1)91=101
1MAX)

FORMAT ( 1HN,39Xs27HBAND ABSORBTION COEFICIENTS/20HOWAVELENGTH(MIC
JRONS)EX L IHCONSTITUENT»5X 5 13HSTRONG RANDOM 42X s L 1IHWEAK RANDOM a4 Xy 14
2HSTRONG RFGULAR /1H 429X 12H{PER MMo1/2) 94X s GHIPER MMe ) » 7TX910H(PER
A ATHM,) /1H /(1M sF 12,2915 XsA193F22479F14eT79F16e7))

RFEAN IN FILTFR TRANSMISSICN DATA

N1l=1

NZ2=N142

REZAN INPUT TAPC 54319 (ALAMDA(I ) oTAU(T) 9 I=N1sN2)

FORMAT(E6F1045)

TFST FOR END OF DATA BLANK FIELD = =0

[F(ALAMDA (N2)/400000NNN000) 36440436

N1=N1+2
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NZ IS NUMRER OF DATA ITEMS

N2=N2-1

1F(ALAMDA(NZ)/400000000000)

1015405101

REAN IN VALUES OF TEMPERATURE AND ZENITH ANGLES

CEZ(1)=1eD
SEZ(2)=1e5
€EZ(3)=2eN
SE2(4)=2e5
CE7(5)=3.0
REZ(6)=beN
NZ=6

MLO=1
MHI=10

READ INPUT TAPE 5,106+ (TEMIM) sM=MLO ¢MHI)

FORMAT (106)

IF(TEM(MHT)) 1N74107,108

MLO=MLA+10
MHT=MHT+10
GO TO 109
MHT=MHT-1

IF(TEM(MHT)) 10751074112

NTEup=my]

GET RADIANCFS ADJUSTED TO INDEX1

IDX=(TFM{1)=TO+e1)
DN RONO 19=IDX4NTEM
18=19+1~1IDX
RAD{I8)=RAD{19)
NTEM=NTEM-IDX+1
TO=TEM(I)-1e0

DO 199 1Z2=1.N2
SFEC?=8F2(12)

CALL BREW{ALAMDASTAYsN2sSECZ sWHGATESFLAMyF)

LAMFND=LAMFND
PY 193 IT=1,NTFMP
TEMD=TEM(IT)
STFPSZ=1.

DO 110 LAM=2,LAMEND

STEPSZ=MIN1F(STEPSZ,FLAM(LAM)-FLAM(LAM-1})

FLAMAX=FLAM(LAMEND)
WAVE=FL AM(1)

SDCT=F (1) *PLANCKF (WAVE s TEMP)

N=1

KK =1

LAM=1]
FRASF ARFA

(IN UNITS OF SECZ)

CALL ICE(STEPSZ yWAVF 9FLAMAX954E=69e0001sNsARFASSDOTSICESTyJJ)
GO TO (1479148451 719141)9JJ

JJI=XICFF(A)
GN TO 146

IF(FIT/QL)Y 12791269127
IF(LAM-LAMEND) 12091229122

IF{WAVF -0 S*¥{FLAMILAMIAFLAMILAM+1) )

LAM=L AM+1

SDOT=F (LAM) *PLANCKF (WAVE s TEMP)

G0 TO 148

[F(LAM=LAMFENN+1) 124,128+128

IF(WAVE-FLAM(LAM+]))

128491294129

122+123,123
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LAM=L AM4+1Y
SOOTr(F(LAM)+(F(LAM+1)-F(LAM))*(WAVE—FLAM(LAM))/(FLAM(LAM+1)—FLAM(
1LAM) ) ) ¥PLANCKF (WAVF 4 TEMP)

GO TO 148

WRITE OUTPUT TAPE 6,250sLAM,WAVEsSDOT+STEPSZ 4SECZ s TEMP KK
FORMAT (15HNNONCONVERGENCE/1HO»139s5F1645016)
S{ITsI1Z)=AR"A

17=(TEMP-TO+41)
PTRAN(ITSIZ1=S(1T4172)/RAD(IT)

TONTINUIF

NOW SOLVF FOR BFST PARABOLIC FIT TO AsS4K
FRACE CXoSX?24SX345X4

DO 8510 [2=14N2Z

YT(12)=LOGINF(SFZ(12))

X2(12)=XT{(1Z7)%¥2

SX=exX+XT(1Z)

SX2=8X2+X2(12)

SX3=GXR+X2( 12V #XT(1272)

SXL=SXL+X2(12)%%2

nAoen) TT=14NTEMP

FRAAF QY 4SXY 4 SXXY

NN 8Nl 17=14N7
YT=LOG10F(~LOGINF(PTRANI(ITSIZ)))
SY=2Y+VYT

SXY=SXV+XT(12)%¥YT

AXXY=SXXY+X2(1Z)*YT

AMAT (141)=N7

AMAT (142)=5X

AMAT (143)=5X?2

AMAT (148)=5Y

AMAT(241)=58X

AMAT (2492)=8X?

AMAT (2 43)=5X"7

AMAT (2 44)=SXY

AMAT (341)=5X?

AMAT (R 42)=5X1

AMAT (3431=SX4

AMAT(344)=SXXY

CALL ISIMEQ(AMAT3592,41)

PARAMETERS ARE AsByK IN ORDER 14293
PARAM( 34 IT)=FXPF(ELOGT*AMAT (144) ) *ELOGT
PARAM(I 1 4IT)I=AMAT (344)
PARAM(2,431T)=AMAT(24¢4)

DD 530 K=1,45

AK =¥
POWFR(K ¢ IT)=PARAM{1,I1T)*LOG1OF (AK)+PARAM(2,K)
CONTINUE

WRITF QUTPUT TAPE 6492513 (TEM(IT) s (PARAM(J»1T)sJ=193), (POWER(K,IT)>
1K=148) 9 IT=1sNTFMP)

FORMAT {1H1y 50X,~ABSORPTION LAW COEFICIENTS~ /~OT(ABSOLUTE= »
18X s THA9 12X s IHR» 12X s THK 98Xy —POWER(1)= 95Xs~POWER{2)- +5X>» -POWER(
231 =45Xy —POWFR(4)- 45X 9—POWER(5)=/ (FOe3suX9s3EL13e53F10e594F13661)

YRITFE CUTPUT TAPE 64352

FCRMAT (1HO/=-0CTRANMEMISSION = EXPF (-K#SEC(Z)**POWER) - /-0POWER = A
TRLOGINE(SET(Z)Y) + R}

NS =1

DN 820 J=147

=1
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TEMD=TA

N2 820 T1=14NTFM
TEMO=TFEMD4+1,0
IS(TEMP-TEM(K))BNR4809,810
=4l

G0 10O RO7
CST(Je1)=PARAM( JsK)

GD TO AK20
TE(TFMP=TFM(K+1))18114R12+813
CST{JsI)=(PARAM(J¢K+1)=PARAM(JyK) )% (TEMP=TFEM(K) ) /(TEM(K+1)=-TEM(K))
1+PARAM( Je )

GO TO 820

K=K+1

A TO RO9

K=K+1

GO TO 810

CONTINUE

RETHIRN

TAL™Y
TN 2
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94
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LTSTR
LARFEL

FUNCTION SUBPROGRAM TO COMPUTE GAIN

FUNCTION GT (TS IP1)

COMMCN BUCK,ZERO’BSCON;NSBoNSZ9Y11’U1OCOCTOTI’GN’NKQALAMB'ELEMNTQ
1:10C20f39PLAN9NH209CAUSEQCOEFQAVOIDCQIMAXQPRINEXOFITQLAMEND
CIMFNSTON ALAMB(ZOO)QELEMNT(ZOC)’C1(200)0C2(200)0C3(200)
DIMFNSTON QUCK(ZO)QZERO(ZO)QNSB(ZO)yNSZ(ZO)1Y11(200)9U1(200)
DIMENSTCN NK(20)sTI(20 2 20)sGN 120 920)sCT(20)C(200)

DC 91 KJ=1,s1P1

J=7J-1

1IF (UT=CT(¥J))193492,01

COMTINUF

J=J+1

N=NK (J)

ERASFE GT

PO 96 L=1sN

DOL=100

DO 95 M=1,N

IF (L-M)94 495,94

POL=POL*¥(UT=TI(MsJ) )/ (TI(LeJ)I=TI(MsJ))
CONTINUE

GT=GT+GN(LyJ)#POL

RFTHRN

ENN

FG2
FG3
FGa

FG6
FG7
FG8

FG10
FGL11
FG12
FG13
FGl4
FGL15
FG16
FG17
FG18
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LIcT8

Lassy

COMPUTES AND MULTIPLIES TOGETHER ATMOSPHERIC TRANSMISSIONS
SUBROUTINF BREW(ALAMDAS TAUIN2,»SECZ s WHGATE s FLAMSF)

REVISED 3/5/65 TO INCLUDE ERRCR FUNCTION TC APPROX CO2 DATA
SURRCUTINE ANDY I< CALLED TWICE

COMMON RUCK 9ZEROSBSCONINSBsNSZ9Y119Ul 9CoCToTIsGNaNKsALAMBSIELEMNT
1C1sC20C34PLANGWH20 9 CAUSE 9 COFF4AVOIDC o IMAXSPRINEXsFIT4LAMEND
TIMENSTON AUCK({20)4ZFRO(20)19MSBI20)YsNSZ(2D214Y11(200),U1(200)
DIMENSICON C{22C190T(20)sTI(20420)sGN(20+20)9NK(20)
DIMFNSTON F(200) FLAM(200) s ALAMB(200)sELEMNT (200)
DIMENSION C1{200)4C2(270)1+C3(200)+ALAMDA(200),TAU(200)
YULTIPLICATION OF FILTERSCONTINUOUS,AND BAND ABSORBTIONS
ACCORDING T2 SETTING OF PLAN, EXTRAPOLATION ACCORDING TO EXTRAP,
TONTINUCUS ARSORSTION ACCCRDING TO AVOIDC

IF(PRINEX) 24298

SEXTRAPCLATION IN ATMe DATA CARDs EXTRAPOLATE TO ENDEXT OR WHEN
CODEXT=EQUAL TC NZIXT SET OF DATA WITH LESS TRANSMISSION

NO SXTRAPOLATION WHEN EXTRAP=NOs DATA AFTER EXTRAP. ASSUMED
RTAD INPUT TAPEZ 5,1,3FGEXTsCODEXT9ENDEXTsBPEXTsEPEXT s EXTRAP
FORMAT (2NXsF10e54A55Xs3F104598XsA2)

,D?IML-X=" '3

’j’\!h:(*,?‘-l?‘lh)

SEQ=(+5HEQUAL)

ANOT={+3HNOT)

AH=(+1HH)

NS=(+5HSTRAN)Y

QW= (+5HWKRAN)

QE={+5HELSAS)

Q5= (+5HGATES)

QD= (+5HNEVEL)

AGR= (+4HGRFV)

2C=(+1HO)

W= (+1HD)

ON=(+1HN)

IF(EXTRAP/ONA) 24847

WRITE QUTPUT TAPE 6,4sBEGEXTsCODEXT sENDEXT4BPEXTSEPEXT
“ORMAT (35H1AN EXTRAPOLATION WILL BE MADE FROMsF743e4H TO A5,F743/
125H USING CCHMPUTED DATA FROMyF74392HTOsFTe3)
PINTER=FPEXT-BPEXT

FRAGE NFL.FsFLAMZFFEXTR

viau=]1

SQSECZ=SQRITE(SFCZ)

SRe7W=QQRTF (SFCZ ¥WH?0)

SQSZCW=SQARTF (SECZ*WHGATE)

WEFEZ=wH20%*SFCZ

GYSECZ=WHGATF*#SEC?

IF(rODFEXT/QFN) 69596

ENDX=15.

G2 TO 9

ENDX=ENDEXT

IF(AVOIDC/ANOT) 67465467

TCONT=1.

50 T0 7

IF(rAUSF/QH) T44e73574

TCONT=FXPF (-COEF*WSECZ)

6N T8 7

TCONT=FXPF(-CQOFF%SFCZ)
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7 WRITE OUTPUT TAPE 6£,190+SECZsTCONT
160 FORMAT (10HOSFC{Z) = 4F6e3/21HOCONTINUOUS TRANSe = sFbeé)
DC 10 LAM=1,200

C KLAM 1S INDe VARIABLE FOR BAND ABSe COEFICIENTS

C LAM IS IND. VARIARLF FOR PRODUCT ABS.

C WHICH REGION EXTRAPOLATIONs PREPARINGsy OR OTHER
R IF(EXTRAP/QND) 20411420

20 IF(ALAMR(KLAMY-BEGFXT) 11421421

21 TE(ALAMRIKLAM ) =FNNX) 22,11411

C IN EXTRAPOLATICN R=RION

2?22 FLAM(LAM)=FLAM(LAM=1) +0405

FiLaM)y =FEXTR
IF(CSLAM(LAM)-ALAMB(IMAX)) 2441219121

¢ NOFS NATA FXTST
24 IF(ALAMB(KLAM)=FLAM{LAM)) 25425510
C NOW PAST A DATA POINT
R 25 IF(CODEXT/QEQ) 23426423
26 LOCK =1
GN TO 173
22 CLAM=KLAV+]
GO 10O 10
1] Lf\f\k:()
C WHICH PLAN TN RF {ISFD
R 13 IF(PLAN/QS) 144+15,14
15 X=C1(KLAM)
NX=1
GO TO 40
R 14  TF(PLAN/QW) 16917416
17 X=C2(KLAM)
NX=?
GO TO 40
2 16 IF(PLAN/RF) 18419,18
19 X=C3(KLAM)
NX=13
GO TO 40
R 18 IF(PLAN/QG) 364930436
30 TF(71(KLAM)=14) 31421415
31 IF(C2(KLAMY-1e) 33923,17
21 IF(C3(KLAM)-1e) 199,419G6,19

a 26 IF(PLAN/GD) 38,27,28
n 38 IF(PLAN/GGR) 198+30,198
R 37 [F(FLFMNT(XLAM)/QH) 19439,19

29 IF(CIIKLAM)=14) 41494115
41 IF(C2(KLAMY=14) 197419717
4n IFIX) F1451,70
C SEARCH FOR ANOTHER rOFFICIENT
51 IF(NX=7) B2+5R454
52 IF(C2(YLAM)—1e) 54954453
212 X=C2 (KL AM)

NX=2

GO T0 70
54 IF(C3(KLAM)=14) 1964196455
55 X=C3(KLAM)

NX=3

GO TO 70
58 IF(C3IKLAM) =14} 59459455
<9 TE(F1(KLAM)Y=1,) 1096,196962

%4 X=0C1 (KL AM)




64

65
70

72

71

a 76
n 301
202

360

199
200

198
201

202
196

2n3

-B81-

NX=1

GO TO 70

IF(CI(KLAM) ~14) 65465462

IF(C2{(KLAMY~14) 1964196453

PRONDUCT OF CONTINUOUS AND BAND ABSORBTION PLACED IN F
IF(X=14) 71471472

X=X-1e

IF(NX=2) 76477478

IF(PLAN/QGR) 30043014300

IF(CLEMNT(KLAM)/QH) 302+300s302

FILAMI=TCONTH*EXPF (-X*SQSZGW)

GO TO RO

FILAM)=TCONTH*EXPF (-X%#SQSZW)

GO TO BD

IF(PLAN/QGR) 310+311,310

IF(ELEMNT(KLAM)/QH) 312+3109312

E{LAMY=TCONT*EXPF (=X*GWSE(CZ)

GO TO BO

FILAMY=TCONT*EXPF (-Xx#WSECZ)

6N TO BO

ERARG=X*SQSFCZ

F(LAM)=TCONT*#(1,0-FRR169(ERARG))

IF(F(LAM)) 79480480

F(LAM)=0e

IF(LOOK) 1104110481

CHECK IF CAN NOW END THE EXTRAPOLATION, YES IF TRANS BY DATA LESS
IF(FEXTR-F(LAM)) 83,822,582

ENDX=FLAM(LAM)

JSE TRANS. AT DATA POINT HAVE JUST PASSED

GO TO 110

F{LAM)=FEXTR

KLAM=KL AM+1

GO TO 10

FLAM(LAM)=AL AMR (KL AM)

IF(EXTRAP/QNO) 11191154111

IF(FLAM{LAM)-RPFEXT) 11541124112

IS(FLAM(LAM}—FPEXT) 12091154115

IN PREPARING REGION

DLAM=0¢5% (ALAMB (KLAM+1)~ALAMB(KLAM=-1))
FEXTR=F(LAM)*DLAM/FINTER+FEXTR

KLAM=K| AM+1

IF(FLAM(LAM)-ALAMB(IMAX)) 1041219121

LAMEND=LAM

GO 10 210

WRITE OUTPUT TAPE 652004 ALAMB(KLAM) ELEMNT (KLAM) o+ CI(KLAM) 9 C2 (KLAM)
1sC2(KLAM)

FORMAT {23HONO PREFFRENCE IN GATES/1HOs5F1244)

CALL FXIT

WRITE OQUTPUT TAPE 6£,201sPLAN

FORMAT (26H0T KNOW OF NO PLAN CALLED 4A6)

CALL EXIT

WRITE OUTPUT TAPE 64202 sALAMB(KLAM) ELEMNT (KLAM) s CI(KLAM) 9 C2{I.LAM)
1,C3(KLAM)

FORMAT { 35HONO PREFERENCE GIVEN FOR WATER ABSe/1HOs5F12e4)
CALL FXIT

WRITE OUTPUT TAPE 64203 sPLANJALAMB(KLAM) $ELEMNT (KLAM) 9 C1(KLAM) +C21(
1KLAV) o C3{KLAM)

FORMAT (1THOFIRST OPTION IN ,86530H NOT AL.OWED AND NO PREFERENCE/1
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1HOs5F12 64}

CALL FXIT

CONTINUF

WRITE OUTPUIT TAPE 6,204
FORMAT (13HOBREW Is FULL)
CALL FXIT

SECOND TIMF THROUGH

DO 220 LAM=1,LAMEND
ALAM=FL AM(L AM)

F(LAM)=F (LAM)*FRENCH(ALAM,ALAMDAsTAUN2)
RETIIRN

END
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RRAND?
g BRLACKRODY RADIANCE FOR LUNAR THERMAL SCANNINGS 001
DIMENSICON ICFST({5)sALAMDA(4D0)»TAU(40ND),,S0UT(5000)
C IMPROVED VALUES OF RADIATION CONSTS. TO PLANCK FUNCTION.
PLANCKF{ALAM,TEMP )=1,19064E10/ (ALAM**5*% (EXPF (14438795 +4/(ALAM*
1TEMP))-1e))

C FSTTMP LFINTMP ARE FIRST AND LAST VALUES OF TEMPERATURE oo8
K=0
999 REAND INPUT TAPE 5,5,STEPSZyFSTTMP,FINTMP
5 FORMAT (3F10.2)

N1=1 011
1in N2=N1+2 012
READ INPUT TAPE 5,15, (ALAMDA(I)sTAU{T)»I=N1,N2) 013
15 FORMAT(6F10,45) : 014
C TFST FQR END OF DaTa** BLANK FIELD=-0 015
R IF(ALAMDA(N2Y7400000000000116420416 0le
16 M1=M1+3 017
GO TO 10 018
C N2 IS NUMRER OF DATA I1TEMS 019
20 N2=NZ=-1 020
L] IF(ALAMNDA(N2Y/400000000000122+20+22 021

22 ERASE RADSW
DO 1000 I=2,N2
STEPSZ=MIN1F(STEPG2,ALAMDA(I)-ALAMDA(I-1}))
IF(ALAMDA(T)-ALAMDA{I=1))1001,1000,1000
1001 RAnNCwW=1,
WRITEOUTPUTTAPES 1002+ ALAMDA(I ) sALAMDA(I-1)
1002 FORMAT(1840DATA Ot!'T OF ORDER F10e548H FOLLOWS F10e5)
1000 CONTINUE

TEMP=FSTTYP-1,. 040
C VALUE OF INTEGRAL PRINTED AT UPPER LIMIT 082
IF(RADSYW)3N0,300,999

300 TPRNTS=ALAMDA (N2) 083

N=1 051

C INITIAL CONDITIONS FOR INTEGRATION 054

201 ALAM=ALAMNDA(]) 055

TEMP=TEMP+1, 056

TAU1=TAU(1) 057

C INITIALIZE S TO O BEFORE NEXT INTEGRAL EVALUATED 088

S=0 089
ANLAM=PLANCKF (ALAMsTEMP)

SDOT=ANLAM*TAU1 060

50 CALL ICE(STEPSZ+ALAMsTPRNTSs5,E-61¢0001aNsSsSDOTSICESTsJJ)
51 GO TO (2119 52+4009500)5JJ

52  JJ=XICEF(A) 065
GO TO 51 066
C INTERPOLATION ROUTINE 067

211 SDOT=PLANCKF(ALAM,TEMP)

IF{SDOT)I206+52+52

206 ERASE sDOT
GO TO 52

400 K=K+1
SQUT (K =S
IF(X=36)432,4309430

430 WRITE OUTPUT TAPE 7,443, (SOUT(I)+1I=1,K)

443 FORMAT(6E13,.6)
K=0

432 IF(TEMP-FINTMP) 201,431,431
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500 WRITE QUTPUT TAPES4+505,TEMP o 188
505 FORMAT (1H1 s40OHTHE INTEGRAL DCES NOT CONVERGE FOR TEMP=yF4.0) 189
431 CALL &¥IT
END 191
62 CARDS
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#1n FADP
ENTRY READR
FNTRY  WRITR
¥UNITS LIMITED TO B~CHANNFL
¥CALLING SEQUENCE TO READR IS
* CALL READR(BUFRsEOFERRNTP)
*WHERE BUFR IS OUTPUT ARRAY NAME
*EOF IS END OF FILFE SIGNAL NEGATIVE WHEN EOF READ
*ERR 1S HOPELESS TAPE SIGNAL NEGATIVE WHEN TAPE HOPELESS
*WHERE NTP IS THE B-CHANNEL TAPE USED-- FORTRAN2? INTEGER
UNIT MACRO ’

CLA* be b
PnCc 0.7
CLA $(I10U)
STA *+1
CcLA *¥ye7
ADD =020
PAC 097
UNIT END
RFADR LMTM™
UNIT (GET TAPE-UNIT CHANNEL B)
STZ* 304 (CLEAR HOPELESS TAPE SWITCH)
ST7#% 294 (CLEAR FEND OF FILE SWITCH)
CLA =3n (NUMBER TRYS BAD READ)
STO ERCT
CLA 1¢4 (ADDRESS TOP OF BUFFER)
SUBR WRDS (SIZE OF BUFFER -=-1)
STA INPT ({BOTTOM OF BUFFER)
R1 RDS 0.7 ({READ TAPE)
RCHB INPT
TCOB * (CP DELAY ON CHANNEL)
TRCB ERR (CHECK FOR PARITY ERPOR)
TFFR ouT (LOOK FOR END OF FILE}
TRA L4e4 (NORMAL RETURN)
nuT M (SET EOF SWITCH)
STO* 294
TRA bGeb (RETURN WITH EOF=NEGATIVE)
ERR BSR 0s7 (BACK OVER BAD RECORD)
cLA ERCT
SUR =1
STO ERCT
TPL R1 (GO TRY AGAIN)
STO* 3s4 (RETURN WITH ERR=NEGATIVE)
TRA 4ol {INPUT TAPE HOPELESS)
INPT I0RT *%4941995 {CHANNEL COMMAND)
FRCT ocCT 0
WRDS DFc 1994
*CALLING SEFQUENCE TO WRITR IS
* CALL WRITR(BUF+IBAD» TAPNDSNTP)

*WHERE BUF IS INPUT ARRAY NAME

*IBAD IS A COUNTER OF NUMBER BLANK RECORDS WRITTEN
*TAPND IS RETURNED NEGATIVE WHEN END OF TAPE IS
*PREMATURFLY REACHFD

*WHERE NTP 1S THE B-CHANNEL TAPE USED-- FORTRAN2 INTEGER
*UNITS LIMITED TO B-CHANNEL

*

*



WRTTR |LMTM

*x k Xk X

Wl

W2

WER

W3

TEND

DUMM
OTPT
GDR

HNTT
cLa
SUR
STA

WR S
RCHB
TCOR
FTTB
TRA
TRCRB
cLa
ANDND
STO
TRA
BSR
cLa
SUR
T7E
™Y
RSR
RNDS
RCHR
TrOR
STZ
WRS
WRS
WR S
WRS
WRS
CLA*
ADD
STO*
TRA
SSM
STO*
TRA
TORTN
IORT
ocT
END

END

le4
WRDS
OTPT

097

OTPT
*

TEND
WER
GDR
GDR
A
047
GDR
=1
W3
W3
0s7
097
DUMM
*
GDR
Os7
0,7
0,7
0y7
097
234
=010n0000Nn
234
Wl

394

W2
04492000
*¥y491095
0
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(BUFFER ADDRESS)

(WRITE TAPE)

(TEST FOR END OF TAPE)
(TAPE END TEST SET)
(BAD WRITE TEST)

(GOOD RECORD COUNT)

(NORMAL RETURN)

(BACK TAPE OVER BAD RECORD)

(BACK OVER GOOD RECOFRD)

(DUMMY-READ GOOD RECORD)

(RESET GOOD RECORD COUNT)

(BLANK 19 INCHES BAD TAPE)

(BLANKED RECORD COUNT)

(SIGNAL TAPE PREMATURELY ENDED)

(DUMMY READ COMMAND)
(OUTPUT COMMAND)
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copPy

[aEata N N

60

61

ann

62
63
64

65

66

[aNala!

67

68

73

70

71

72
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LIST8
LARFL
SYMBOL TABLE

SUBROUTINE COPY TO TRASFER DATA FROM TAPE FILE TO NEw TAPE BEFORE
ADDING ON NEw DATA- HENCE AVAID LOSING ORIGINAL DATA

SUBROUTINE COPY (BUFRsLBUFRyIBADINRL¢NTP1sNTP2)

DIMENSION BUFR(154133)9LBUFR(15+132)

ERASE LSCAN#KToNT

KT 1S NOe. OF RECORDS PER SCAN AND NT IS NO, OF RECORDS COPIED
CALL READR (BUFRsEOF+ER1sNTP1)

BUFR IS OUTPUT ARRAY NAME AND HAS 1995 STORAGE SPACES

EOF 1S END OF FILF SIGNAL. NEGATIVE WHEN SIGNAL ENCOUNTERED.

ER1 1S HOPELESS TAPE SIGNAL. NEGATIVE WHEN TAPE 1S HOPELESS.

IF (EOF) 62463463

RETURN

IF (ER1) 64466466

WRITF OUTPUT TAPEG6+65+LBUFR(159133)4LBUFR(14,4133)

FORMAT ( 9HISCAN NOos»I4s4HWITH »14488HDATA POINTS HAVE BEEN TRANSF

1ERED (COPY STOPPED BECAUSE IT COULD NOT READ THE NEXT RECORD )

CALL EXIT

CALL WRITR (RUFRsIBADsTAPNDyNTP2)

IBAD 1S A COUNTER OF NOCBLANK RECORDS WRITTEN
TAPND MEANS END OF RECORD PREMATURELY REACHED
SET UT COUNTFR FOR RACK SPACE PURPOSE
IF(LSCAN-LBUFR(154133)) 67468467
LSCAN=LBUFR(154133)

KT=1

GO TO 69

KT=KT+1

NT=NT+1

IF(TAPND) 70473,73

NRL=NRL-IBAD

IF (NRL)70961461

NEGATIVE TAPND MEANS END OF TAPE PREMATURELY REACHED
DO 71 1=14KT

BACKSPACE NTF1

BACKSPACE NTP2

NT=NT-KT

END FILE NTP2

CALL UNLOAD (NTP2)

WRITE OUTPUT TAPE6+72s LBUFR(15+133)

FORMAT (17H1DATA OF SCAN NOesI4931H AND THEREAFTER ARE ON NEW TAPE)
NTP2=19

NRLU=NRL+NT

GO TO 60

END



K(t)
K(ti)

N(aA,T)
N[A,To(t)]

NIA,Tp(t,)]
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NOTATIONS AND UNITS

parameter of the atmospheric model computed by FAKIR
area of the detector, cm2
parameter of the atmospheric model computed by FAKIR
parameter of the atmospheric model computed by FAKIR
constant of the bucking signal counter

velocity of light in vacuum, 2,997,929 x 1010 cm 571
total deflection of the recording pen due to the
calibration signal, mm

observed deflection of the recording pen, mm

total deflection of the recording pen, mm

f-number in the calibration mode of operation
effective f-number of the optical system during
measurements

Planck's constant, 6.6252 x 10

radiant power on the detector, W

34 2

W sec

index at integral values of brightness temperature in
CORRADIANCE Tables

index of data points

index air mass at points selected for least square fit
constant of the pyrometer, W mm~ T
constants of the pyrometer at calibration time ti

W mm L
Boltzmann's constant, 1.38042 x 10723 y sec °x~1
air mass at a given data point (along the line of

sight)

air mass at points selected for the least squares

unit air mass

zero-suppression given in counter reading

spectral blackbody radiance, W em2sr 171

spectral radiance of the calibration blackbody,
-2__ -1 -1

W ccm sr Ty

spectral radiance of the reference blackbody,
-2_ =-1-1

Woeom sr "Tu

bucking signal given in counter reading

pen center deflection, mm
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instrumental constant in the calibration mode of
operation, cm2 sr

instrumental constant, cm2 sr

blackbody radiance corrected for instrumental trans-
mittance (CORRADIANCE), W cm 2sr '

CORRADIANCE at specific orthographic coordinates,

W em 2srt -

temperature of the calibration blackbody, °K

constant temperature level of a given isotherm, °K

a particular integral value of T, °K

temperature of the reference blackbody, °K
temperature of the reference blackbody at calibration
time tc' °K

brightness temperature, °K

a particular brightness temperature, non-integral, °K
brightness temperature, °K

temperature resolution of the pyrometer, °K

time, sec

time of a calibration measurement, sec

time at which Y is measured, sec

time at which Y, is measured, sec

time at which Y, is measured, sec

time given in digitized counts from an arbitrary origin
sky level baseline in digitized counts

infrared measurement at a specific time with respect to
an arbitrary level and given in digitized counts
average sky infrared measurement to the left of the
lunar disk, given in digitized counts

average sky infrared measurement to the right of the
lunar disk, given in digitized counts

digitized lunar infrared measurement

infrared measurement at a calibration, in digitized
counts

zenith angle, deg

radiant emissivity of the calibration blackbody
radiant emissivity of the reference blackbody
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n(t)
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B TA(mj,A)
TA[T(Eiﬁ),m,wol
TA(mj,Ti)

Td(x)

T(3)
TO(A)
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lunar horizontal orthographic coordinate

horizontal orthographic coordinate of the barycenter
of the resolution element

specific value of lunar horizontal orthographic
coordinate

horizontal orthographic coordinate of a measured lunar
region as a function of time

wavelength, u

lunar vertical orthographic coordinate

vertical orthographic coordinate of the barycenter of
the resolution element

specific value of lunar vertical orthographic
coordinate

vertical orthographic coordinate of a measured lunar
region as a function of time

radiant reflectance of the mirror (aluminized) of the
telescope

spectral atmospheric radiant transmittance

mean atmospheric radiant transmittance

mean atmospheric radiant transmittance for a given wg
spectral radiant transmittance of the window of the
detector

spectral radiant transmittance of the filter
spectral instrumental transmittance

amount of precipitable water along the path

amount of precipitable water for one air mass
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